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Extremely pure germanium is 


Germanium ingot is sliced in dry box for tracer study of effect of directional cooling on purity. 
required for electronic transistors; one part impurity in 100,000,000 can be analyzed quantitatively with radioactivity (see p. 28) 
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In addition to a complete line of 
instruments for measuring and 
controlling temperature, flow, and 
dozens of other variables, Honey- 
well offers these special ElectroniK 
instruments of interest to re- 
search men: 

Function Plotter: automatically 
plots the relation of two inde- 
pendent variables. 


Two-Pen Recorder: simultane- 
ously measures two variables ona 
single chart. 

Extended Range Indicator: featur- 
ing automatic range-changing, 
readable to one part in 5000. 
Narrow Span Recorder: measures 
spans as narrow as 100 micro- 
volts, without external pre-ampli- 
fier 

Brown Electrometer: measures 
currents as low as 10-'° ampere. 
High Speed Recorder: features 


pen speed of only one second for 
full scale travel. 
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TESTING LUBRICANTS for ball bearings, research men at 
Sinclair Research Laboratories utilize ElectroniK instruments 
to record temperatures of bearings running on a test stand. 


| tests, measuring critical conditions, collecting 
data, plotting curves . . . the routine labor of research 
takes a lot of time out of each day . . . each week . . . 

each month. 


You'll find that ElectroniK instruments can save countless 
scientific man-hours by doing all these laborious but 
essential jobs for you. They free highly trained scientists for 
more important work . . . giving them an opportunity to 

use their brainpower most effectively. And these instruments 
do the routine work faster, more accurately than 

could be done by human hands. 

ElectroniK potentiometers are accelerating the pace of 
research in academic and industrial laboratories, atomic 
energy projects, pilot plants, and test centers throughout 
the world. For a discussion of how they can help your 

own research programs, call our nearest engineering 
representative ... he is as near as your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., /ndustrial 
Division, 4571 Wayne Ave., Philadelphia 44, Pa. 


“Instruments Accelerate Research”. ..and for Data Sheets on specific instruments. 


Honeywell 
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Want more Information? Use post card on last page. 
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New G-E Scintillation Counter... 


Measures afi Radiation—Thermal Neutrons Too! 


Four Easily Interchanged Phosphors 
Are Highly Efficient Detectors 


By means of a special G-E phosphor, thermal neutrons can be 
measured with 259% efficiency with the new G-E Universal 
Scintillation Counter. Here also is alpha counting with low back- 
ground of one or two counts per hour, Plateau length for thin 
alpha sources is 150 volts; plateau slope for beta counting is of 
the order of 1.2. 

The laboratory technician pictured above is placing a sample 
smear in the large 2-inch diameter sample chamber, which is then 
slid under the vertical tube containing phosphor and 5819 photo- 
multiplier tube. Phosphors supplied for detecting are as follows: 
alpha—azine sulphide, beta—anthracene, gamma—sodium iodide. 
Scintillations can be counted on any standard scaler. 


A portable model of the Scintillation Counter is available. 


For an illustrated bulletin on these and other G-E Radiation 
Instruments, write for GEA-5735 to: General Electric Company, 
Section 687-87, Schenectady 5, N. Y. 


Ge COR fll. jk ‘alles 72 — 
GENERAL @@ ELECTRIC 


Vertical chimney containing 5819 photomultiplier tube lifts 
off for quick change of phosphors. 
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Jerome D. Luntz, Editor 


A Need to Know 


' rHE ATOMIC ENERGY FIELD, an individual is 
only cleared for access to classified informa- 
tion if he has a “need to know.”” He must be 
doing work for the Atomic Energy Commission 01 
one of its contractors and must prove the need 
for information in some particular area of 
knowledge. 

Over the past ten years, despite the fact that 
billions of dollars of publie funds have been 
expended, the U.S. citizen has been kept pretty 
much in the dark on the important details of 
the program. ‘The first major pronouncement 
came with the issuance of the Smyth report in 
1945. 
and written about atomic energy but very little 


Since that time quite a bit has been said 


on such things as the production and uses of 
fissionable material—the heart of atomic energy 
developments. 

In all these years, every major decision—in- 
cluding such things as the Savannah River and 
Ohio River multibillion dollar plants 
made without the benefit of public commentary 
or examination. True, the Joint Congressional 
Committee on Atomic Energy has represented 


has been 


the public as a ‘‘ watchdog,” but the fact remains 
that the handful of members of the committee 
are also part of the “inner circle.” 

HE LAST PUBLIC DISCUSSION of any import 
| pe on the Atomic Energy Act of 1946. At 
that time, in several months of hearings, every 
public, industrial or governmental figure who had 
anything to say on the subject said his piece. 
Out of those hearings came an act. which, al- 
though it is not perfect, has served the needs 
that existed at that time. We can be sure that if 
the various bills presented were debated behind 
closed doors Congress could not possibly have 
come up with a product representative of the 
desires of the public —an act which, until recently, 
has had very little serious criticism thrown at it. 

Now we are at the point where we are on the 
eve of possible major legislative action in the 


atomic energy field. We are at the crossroads. 


Industry wants to take atomic energy out of the 
laboratory and into the production shop. But 
the Atomie Energy Act forbids this. 

Mounting pressure appears to be forcing the 
ABC 


whether or how to modify the act. 


issue. Congress and the must decide 
Hearings of 
one kind or another are certain to be held this 
spring. The question is, ‘What kind of hear- 
ings?”’ Specifically, open or closed? 
Unhesitatingly, we say “open.” If never 
before, the public now has a “need to know 
The rate at which nuclear power development 
will proceed in this country will be decided in the 
next months. The answers to such questions 
as these will be sought: What rights should indus- 
try have? Who 
burden in power development? 


the financial 
What should 


the relationship be between the civilian and 


should carry 


military programs? Ete. 
For intelligent decisions to be 


absolutely necessary that the general and techni- 


made, It 18 


cal public know exactly where they stand in the 
nuclear power field. The recommendations of 


those closest to the subject must be made 
known. What do the commissioners of the 
AEC think? 
think? And what does the complete outsider 


think? 


eon y need be no barrier to such open 
hearings. In a report issued last month, 


the Joint Committee on Atomic Energy briefly 


What do leading industrialists 


discussed twelve important questions on all 
aspects of “Atomic Power and Private Enter- 
prise.” Much more can be said on each one 
without compromising secrecy. 

If, however, it is felt that more information is 
necessary before adequate hearings can be held, 
then the formula suggested on page 6 by J. G. 
Beckerley, AEC director of classification, could 
provide a basis for releasing data. 

In any event, there appear to be no good rea- 
sons why the public’s “need to know” cannot be 


satisfied. 





Declassification Problems 
in Power Reactor Information 


Major declassification of reactor data is necessary 


to foster growth of a reactor industry. 


Here AEC’s 


director of classification evaluates end use of data in 


terms of ‘help to U. S. versus help to inimical interests"’ 


By J. G. BECKERLEY 
Director of Classi fi ation 
U.S. Atomic Energy Comn 
Washington, D.C. 


FOR THE FIRST TIME since the Atomic 
Kinergy Act of 1946 was debated, the 
finds itself in the midst of a 
how the act 


should be amended to meet present-day 


country 
vigorous discussion of 
needs in atomic energy development 
This discussion has been brought on 
by the active interest of industry in 
the possibilities of nuclear power. 

It is apparent that all aspects of the 
the 
subject of public, Congressional and 


future of power reactors will be 
Atomic Energy Commission discussion 


during the coming months. One im- 
portant question is that of secrecy 
Two events last month point this up. 

On December 15, Dean, 


the AEC, suggested the 


Gordon 
chairman of 
possibility that ‘major declassification 
needed before iny 


actions” mity be 


broad segment of private enterprise 
can effectively participate in the de- 
velopment of nuclear power. 

Two days before that, the Joint 
Committee on Atomic Energy released 
a 415-page report on “Atomic Power 
and Private citing 
the opinion of ‘most persons inter- 
‘the 


and 


Enterprise.”” In 


viewed,” the report stated that 
reactor art would advance faster 
at less expense if the AEC could see its 
way clear to declassifying all pertinent 
precise construction 


data, including 


6 


and production cost figures as well as 
information relating to fuel preparation 
and processing.”’ 

undoubtedly 


This spells out what 


would be necessary for a “major de- 
For 


the information to be used effectively 


classification” to be carried out. 
in this country, it is necessary that the 
release of it not be made on a piecemeal 
basis. Substantial areas of informa- 
tion must be declassified to an extent 
that will be dependent upon the in- 
tended end use of the information. 
The declassification of power reactor 
information will present a number of 
It is essential that 
the 


difficult problems. 
the technical 
NUCLEONICS, 


community, e.g., 
readers of understand 
these problems and give them prope 
attention, since public officials will seek 


and need technical guidance. 


Classifying Reactor Information 


The basis for keeping information on 
reactors secret stems from the 
definition of ‘‘restricted data’’ in 


section 10 of the Atomic Energy Act: 


powell 


"SEC 10.(b) (1) The ‘restricted 


as used in this section 


term 
data’ means all 


data concerning the manufacture or 


utilization of atomic weapons, the pro- 
material, or the 


oduc- 


duction of fissionable 


use of fissionable material in the p 


tion of power, but shall not include any 


lata which the Commission from time to 


mines may be published with- 


affecting the common de- 


time deter 
out i1dversely 
fense and security.” 


Two phrases are pertinent, namely, 


production of fissionable material” 


use of fissionable material in the 
The first is 
applicable to plutonium or uranium- 


A 
233 producing reactors while the second 


and 


production ot powel " 


concerns power reactors. Information 
on power-breeders or power-plus-plu- 
tonium reactors are caught under both 
prohibitions and, thus, are doubly 
difficult to evaluate in declassification 
review. Information on power-only 
reactors would be relatively easier to 
justify for declassification. 

The various reasons why Congress 
enacted a law specifically prohibiting 
the publication of information in the 
reactor field need not be reviewed here 
Suffice it to note that, at the present 
technical 
“restricted data” 


believes its 


moment, most power In- 
formation is kept as 
the Commission 


used to the detriment 


be ause 
release may be 


of the national security 


Reactor Information Categories 


In the classification of information as 


“restricted data” the uses 
which are of concern to the AEC are 
those listed in the table (in 


mate order of Importance). 


specific 
approxi- 


The precise use of classified technical 
information by a threatening nation is 
not deducible in advance. Just as 
knowledge on the part of company A 
ol competing company B’s process does 
not mean that company A will in any 
way alter its process, so it is uncertain 


whether a menacing “competitor” will 


alter in any way his reactor and fission- 
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able materials program, even knowing 
substantial data on ours. 

The extent of his use of our informa- 
tion depends on many _ intangible 
factors such as the degree of his con- 
fidence in his own approach as well as 
such tangibles as the availability of 
inaterials and skills necessary to under- 
take U. 8S.-imitated projects. This 
uncertainty increases greatly the diffi- 
culty of declassification decisions. In 
fact, the usual conservative approach 
is to inquire into how much a potential 
enemy can conceivably use the informa- 
tion rather than into how much he will 
actually use it. 

It should be noted that the list of 
possible ‘‘inimical interest” uses does 
not include the possibility of advancing 
his nuclear power production program, 
that is, his development of stationary 
power-producing units. Recent ex- 
pressions of potential military interest 
packages” for 
remote or inaccessible military installa- 
might indicate that we should 
include power-only units (nonmobile) 
sensitive developments. 
However, for purposes of the present 


in reactor “power 


tions 


among our 
discussion, we shall consider such units 
well down the list. Clearly we should 
be more reluctant to help a potential 
enemy in his fissionable-material and 
mobile-reactor projects than in any 
effort on his part to develop power 
sources, 

Each 
different problem in any declassifica- 


type of reactor presents a 


tion review. Information on the de- 
sign, construction and operation of a 
plutonium-only reactor may be useful 
to a competitor in his design, construc- 
tion and operation of plutonium pro- 
It will be of second- 
him in his mobile 

In addition, the 


of operating our plutonium 


duction reactors. 
iry interest to 
reactor program. 
manner! 


production reactors will give him data 


rate of production of weapon-grade 
plutonium. 

Even when specific numerical tech- 
nical data is withheld from publication, 
there are some rather knotty declassi- 
fication questions. Two of the most 
troublesome for plutonium-and-power 
units are (1) What can be released on 
What 
released on the desired specifications of 
plutonium? 

The release of information on the 
current Commission cost of plutonium 
per se would be relatively harmless. 
However, it is likewise true that unless 


plutonium costs? (2) can be 


some description of the method of com- 
puting the cost were simultaneously 
released the usefulness of the figure 
would be small. It is essential in any 
public discussion of the pros and cons 
of various power-plutonium reactor 
proposals that adequate cost data be 
available. Certainly the estimated 
cost, in dollars per gram of produced 
plutonium, must 
what the Commission pays or is willing 
to pay for its currently produced mate- 
rial. 
if any indication is given of the method 
of cost computation, it will be possible 


be compared with 


If this comparison is made and 


by careful scrutiny of the Commission’s 
public accounting of expenditures, as 
well as the current and future budgets, 
the current and future 
plutonium production. Even without 
budget data, knowledge of manpower 


to estimate 


and electrical power requirements, as 
well as capital costs, for any production 
site provides a good index to production 
costs. From the unit cost, production 
quantities are then readily deduced. 
In addition to the question of unit 
cost release, there is the question of 


how much may be said on the specifica- 
tions of plutonium when produced for 
weapon use. Unless a reactor is run 
properly, e.g., with correct flux and 
exposure time, the plutonium produced 
will not meet the specification set for 
‘‘weapon-grade”’ material. Thisspeci- 
fication has technical significance to the 
weapon program. It is important in- 
formation and not readily deduced, so 
that there is a real reluctance to de- 
classify it. The fact that the speci- 
fication ties in directly to the operating 
schedule of a plutonium-producing pile 
makes it particularly troublesome to 
conceal. 

It is important to note that in both 
of those instances what is involved is 
not highly technical information. The 
dollar cost of plutonium is just “ $x per 
gram.” The operating data related 
to the specification of weapon-grade 
plutonium may in some cases reduce to 
a simple formula such as “run the 
reactor for d days at p kilowatts power 
level.” Filling in the unknowns in 
these equations generally, for a given 
plutonium production reactor, will 
compromise information on the current 
atomic weapons program. 

It is also important to note that the 
problem of compromising weapons and 
production information is not involved 
the 


power-only reactors plutonium costs 


in the power-only reactors. In 


are not involved and the operating 
schedules are strictly dependent on 
power requirements and fuel lifetime. 
As long as plutonium-power reactors 
are producing plutonium to be fed into 
the weapons program there are going 
to be instances where release of in- 


formation on the reactor is equivalent 





Possible Uses of U. S. Reactor Data by ‘“‘Inimical Interests’’ 


Type of assistance 


Possible use of data 


“inimical interests 


on the specific ations of the plutonium to “inimical Type of reactor 


required for our weapons program, interests’ data by 


Power-only reactor information may 


be of use to a competitor in his mobile- Technical Plutonium (or U*) produc- Production of fissionable ma- 


projects, although it is clear tion reactors, breeders—with terial for atomic weapons 


reactor 
5 , age or without power 
that he will need to develop minimum- 


weight shielding Technical Plutonium-power or power-only Design and construction — of 
ight shielding. ' 


- 2 reactors, power breeders—mo- mobile (military) reactors 
Some fast reactors are sufficiently 

ck : . bile or nonmobile 

akin to fission weapons that the release ; : 
Pechnical Certain fast reactor data Design of atomic weapons 


of technical data on them might reveal 
direct 
Release of economic data on our plu- 


Intelligence economic data on plutonium Estimating U. 8S. plutonium 


information of weapons use. 


production reactors (with or production 


without power 


tonium production reactors, when 


7 , te nee ll wer-pr actors, valuat status ¢ ontis 
coupled with publicly available Dudget inteliigene il power-producing seacters, Es wee ing status and potential 
;, ' mobile or nonmobile of U.S. military reactor program 


and cost data, tends to compromise our 
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to release of information on weapons. 
Unless it is agreed that the weapons in- 
formation involved is not of extreme 
sensitivity and that withholding it 
would place undesirable limitations on 
the public discussion of the pros and 
cons of plutonium-power reactors, it 
will be to be 
circumspect in discussing certain as- 


necessary relatively 


pects of plutonium-power units. 


Possible End Uses 

In the declassification of power reac- 
tor information it would be pointless 
to release information in a random 
way. Even 
of the increasing sensitivity of the in- 
formation would be 
Rather, it is essential that a consistent 
body of information be released with a 
definite end Without 
such purposeful declassification it is 


declassification in order 


inappropriate. 


use in mind. 
entirely possible that the end result 
would be the release of a heterogeneous 
group of facts of no real use to anyone, 
except possibly to competitors in filling 
in the gaps in their knowledge of the 
U. S. reactor program. 

One way to define the various pos- 
sible end uses. of the declassified in- 
formation is to consider the various 
groups who may use the data. It is 
convenient to think in terms of three 
such groups: 

1. The general public as well as 
certain categories of industrial manage- 
ment who are having 
sufficient information of a qualitative 
and nontechnical nature to stimulate a 
broad interest in participating in the 


interested in 


reactor program as well as to permit a 
general evaluation of results. 

2. Industrial management who will 
want sufficient information to evaluate 
the desirability of participating in the 
reactor program, for example, by build- 
ing or operating power reactors. 

3. Industrial engineers, designers 
and technical management who will 
want sufficient information to prepare 
preliminary design and feasibility 
studies including economic evaluations 
of power and power-plutonium reactors. 
first 


group it is only necessary to release 


To satisfy the needs of the 
general conclusions of power reacto1 
studies and similar qualitative informa- 
tion on design concepts, ete. 

The second group can be satisfied 
only by providing more information on 
the technical features of power reactor 
designs. This information 
sibly be minimized by the adoption of a 
“black box” reactor concept, in which 


can pos- 


information on what the reactor can do 
but pre- 
cisely how the reactor is constructed to 


is released information on 


achieve its performance is withheld. 
With respect to the third group, 
experience shows that the needs of this 


group can only be satisfied by pro- 
viding almost all reactor information, 
possibly excepting data on minimum- 
weight shield technology. 

For the second group, declassifica- 
provide data for realistic 
appraisals of the pros and cons of par- 


tion to 


ticipating in the development, con- 
struction or operation of power reactors 
may be possible under a ‘black box”’ 
concept. 

Adopting this approach would mean 
that information such as the following 
would be released for particular reactor 
designs: primary coolant inlet and 
outlet temperatures; pumping power 
required for primary coolant circuit; 
dimensions of reactor vessel; shield 
thickness; all ancillaries, such as con- 
trol heat etc. 
(Designing certain of might 


circuits, exchangers, 
these 
require access to classified information.) 
It is possible to provide such informa- 
tion and still withhold the critical and 
difficult details of the design of the 
heart of the reactor. ’ 

In addition, to serve those interested 
in plutonium-power reactors, pluto- 
nium cost and specifications would 
have to be released. 

The information 
withheld would be such items as: struc- 


which would be 
ture of fuel elements; detailed geometry 
of reactor core; corrosion or distortion 
of fuel and means for preventing 
reactor failure; details of design cal- 
culations, ete. 

It should be understood, however, 
that this “black box” concept will not 
permit critical appraisal of the validity 
of certain information, for example, 
the 


reactor performance are entirely reli- 


assessing whether estimates of 


able. It will be impossible to make 
completely valid comparisons between 
knowing 


alternate designs without 


more about the ‘‘ black box’s” contents. 


Conclusion 
It is that, if the 
reactor program is to be participated 


apparent powel 


‘ 


in by any broad segment of U. 5. 


industry, some ‘major declassification 


actions” will be required. Such aec- 
tions will probably furnish information 
of use to our unfriendly competitor in 
his reactor and atomic weapons pro- 


gram. The extent of such aid will 


1) the kind of 
reactors about which information is to 
the 
audience for whom the declassification 


depend on two factors 


be publicly disclosed and (2) 


is intended. 


If power-only reactor data are 


the 
inimical interests will be somewhat less 


released, “aid and comfort” to 
than if power-plus-plutonium reactor 
data are declassified. If the purpose of 
declassification is only to stimulate 
broad interest and to provide minimum 
then the 


possible harmful effects of declassifica- 


quantitative information, 
tion will be considerably less than if the 
purpose is to provide design engineers 
with sufficient information to prepare 
preliminary reactor designs. 3 

In any declassification action it is 
always possible to imagine the aid 
which the information may give to a 
potential enemy. This must be bal- 
anced against the similarly incalculable 
but extremely real benefits which this 
nation will achieve if a greater fraction 
of U.S. industry is well-informed and 
thereby capable of significant con- 
tributions to power reactor develop- 
ment. This country has grown strong 
and has prospered through competitive 
effort. Such competitive achievements 
will be seriously limited if the cur- 
rent declassification policy is retained. 
This appears to be a fairly unanimous 
Opinion, 

The key question is, “‘ How far do we 
go beyond the present position?” It 
is perhaps foolhardy to attempt a pre- 
this matter. 
believe it is safe to say it will be done in 


diction in However, I 
stages with sufficient periods between 
stages to permit evaluation of the ef- 
fects. The rate of progression through 
these stages will in turn depend very 
strongly on the rate of solving some of 
the basic legal questions of importance 
the questions of patent 
plant 
nuclear power field. 
Although, as the Joint Committee 


to industry 


rights and ownership in the 


on Atomic Energy has reported, there 
are many who feel that broad declassi- 
fication will materially aid the present 
AEC 
difficult to justify the declassification 
of considerable data on power reactors 


reactor program, it may be 


unless it is clear that industry is ready 
toinvest its own money in this business. 

Thus, it would seem that, in conjunc- 
tion with any considerations of chang- 
ing the Act, it would be desirable to 
make enough information available to 
permit a broad evatuation by industry 
of its interest in nuclear power. 
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FIG. 1. 


@— PENICILLIUM NOTATUM———> 


60 4 
Co” IRRADIATED 4 HR 


Effect of cobalt-60 gamma radiation on molds 


Etfect of Cobalt-460 Gamma 


Radiation on Microorganisms 


Cultures of bacteria, molds, yeast, and protozoa have been irradiated with a kilocurie 


source to demonstrate the ultimate usefulness of fission products for sterilization 


By C. A. LAWRENCE 

L. E. BROWNELL, and 

J. T. GRAIKOSKI 
Michigan Memorial Phoenix Project* 
University of Michigan 


inn Arbor, Vichigan 


As part of investigations into possible 
industrial uses of waste fission prod- 
ucts, the Fission Products Laboratory 
of the University of Michigan’s Eng- 
neering Research Institute is studying 
the effect of radiations from its kilo- 
curie cobalt-60 source as a sterilization 
medium for various organisms (1-6). 


*Information on the current status of 


this project appears on page 77. 
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Reported here are studies on non-spore- 
forming bacteria; spore-forming, aer- 
obic bacteria; mold spores; yeast; and 
protozoa. Dose rate was calculated at 
79,000 rep per hour in air. The four 
methods used to calibrate the source 
are discussed in the last section. All 


doses given are for measurement in air. 


Non-Spore-Forming Bacteria 

The 
18-hour cultures of Proteus vulgaris and 
Escherichia coli grown on nutrient agar 
slants. The cells were washed twice 
with (0.85% sodium 
chloride); after centrifuging, the super- 
natant solutions were discarded and the 
cells finally suspended in saline solu- 
Approx- 


organisms used consisted of 


solution 


saline 


tion containing 0.5% gelatin. 


imately 5 ml of the latter suspensions 
were distributed in 15 * 150mm Pyrex 
culture tubes with screw caps and ex- 
posed to the gamma radiation. 

of the 


source 


calibrations 
temperature Co 
indicated it to be comparable to the 


Since previous 


within the 


temperature of the room in which it 
was stored, the control culture suspen- 
sions which were not irradiated were 
maintained at room temperature in the 
laboratory during the period of irradi- 
ation of the test suspensions. 

With but occasional exceptions, the 
dilutions of the treated and untreated 
organisms and the subsequent plating 
in agar were carried out within one 
hour after the cultures were removed 
In the pre- 


9 


from the cobalt source. 








Radiation dose 


Time of millions of 
Irradiation rep (in air) 
0 (control) 
50 min 
1 hr 45 min 
2 hr 25 min 
3 hr 40 min 
5 hr 


0 (control) 
4hr 
8 hr 
12 hr 
16 hr 
20 hr 
24 hr 


0 (control) 
1 hr 
2hr 
3 hr 
4hr 


TABLE 1—Microorganism Count as a Function of Radiation Dosage 


Proteus Per cent Escherichia Per cent 
vulgaris reduction coli reduction 
1,666,000 ,000 0 1,976,250,000 0 

+, 500,000 99.7 1,600,000 99.3 
3,680 99.99 500 99.99 

55 99.99 0 100.00 

0 100.00 0 100.00 

0 100.00 0 100.00 


Bacillus subtilis M-S spore-former 


18,000,000 0 97,250,000 0 
960,000 94.6 8,750 99 99 
202,000 98.8 3,280 99.99 

20,500 98.8 550 99.99 
14,450 99.99 80 99.99 
75 99.99 10 99 99 
0 100.00 0 100.00 


{ 8 pe rgillus niger Pe nie illiu m notatun 


15,000,000 0 11,250,000 0 
125,000 99 .66 15,000 99 86 
5,000 99 98 125 99.99 
25 99.99 0 100.00 
0 100.00 0 100.00 





TABLE 2—-Yeast Counts as a Function of Gamma and X-ray Dosages 


Gamma 
radiation dose _ 
(coball-60) 
in millions Viable cell 
rep (in air) per ml 


0 2,750,000,000 
0.085 200,500,000 
0.070 26,250,000 
0.255 32,000 
0.340 25.000 


Saccharomyces cerevisiae 


Per cent X-radiation Viable cells Per cent 
reduction in Toe ntge ns per ml reduction 


0 3,250,000,000 0 
72 86,000 55,250,000 98.30 
05 132,000 10,000 99.99 
99 218,000 9,000 99.99 
9g 344,000 5,500 9.99 





liminary series of dilutions, 0.2 ml of were counted. The results of this ex- 


the suspensions were added directly to periment are presented in the first por- 


the center of sterile petri dishes and tion of Table 1. 
0.2 ml placed in 100 ml of sterile saline The data show that a 99% reduc- 


solution. Then 0.2 ml of 


the latter tion in viable organisms was obtained 


dilution was added to additional sterile at the first sampling period after 50- 


petri dishes, and 0.2 ml of the same  minirradiation, Exposure for approx- 
a second imately 0.29-million rep resulted in 


suspension was placed in 


bottle containing 100 ml saline solu- sterile solutions of both bacterial 


tion. This same method 


of plating suspensions. 


and dilution was carried out for an ’ ; ; 
additional or third series. All suspen- Spore-Forming, Aerobic Bacteria 


sions were plated in duplicate, using A four-day-old culture of - Bacillus 


approximately 15 ml of nutrient agar subtilis and a 22-hour culture of a 


per plate. The plates were incubated  spore-forming bacillus originally iso- 


at 37° C for 48 hours and the numbers lated from canned evaporated milk 


of colonies developing in the 


10 


medium  wereused. Both were grown on nutri 


ent agar slants. Suspensions of the 
organisms and their spores were pre- 
pared for irradiation as in the previous 
experiment. Microscopic examination 
of the suspensions before irradiation re- 
vealed an abundant number of spores. 

The results of this experiment, pre- 
sented in the second part of Table 1, 
indicate that the dose of gamma radi- 
ation required to destroy the sporu- 
lating organisms is much larger than 
that required to kill organisms of the 
non-spore-forming varieties. A radi- 
ation dose of 1.7- to 2.0-million rep is 
needed to destroy the spore-forming 
microorganisms completely. A 94.6% 
and 99.99% reduction in the numbers 
of viable organisms was obtained fol- 
lowing 0.34-million rep radiation of 
B. subtilis and the spore-forming bacil- 
lus isolated from milk, respectively. 
Figure 3 shows the series of agar plates 
of the latter organism. 

Figure 2 is a plot of the data from 
the first and second parts of Table 1 
The use of N+ 1 as the ordinate 
permits extrapolation to N =0 or 
V+1=1. This represents the math- 
ematical requirements for complete 
sterility. The plot also indicates the 
effects of Co® gamma radiation on the 
bacterial population of a sample of raw 
cow’s milk; about 1.7-million rep are 
required to sterilize milk completely. 


Mold Spores 

Spore suspensions of two molds were 
prepared by washing the cells from 
22-day-old cultures of Penicillium no- 
tatum and Aspergillus niger, grown on 
Sabouraud’s maltose agar slants. The 
latter medium was also used for count- 
ing the residual numbers of viable 
spores following irradiation. In these 
instances, the mold counts were made 
after the plates were incubated at room 
temperature for five days. The re- 
sults of this study are presented in 
the third part of Table 1. Unlike cer- 
tain bacterial spores, the two species 
of molds have the same order of sensi- 
tivity to the lethal action of radiation 
as noted with non-spore-forming bac- 
teria. Exposure period of 0.26- and 
0.34-million rep resulted in zero counts 
for A. niger and P. notatum, respec- 
tively. Figure 1 shows the agar plates 


examined in this study. 


Yeast 
A yeast culture of Saccharomyces 
cerevesiae was grown on Sabouraud’s 


maltose agar slants and the final plate 


January, 1953 - NUCLEONICS 














= 








_ 
| 


| 


ROW NIK 
6 wo 


M-S (Not Dairy organism in 


V P vulgaris 
OE coli 


—— == Fxtropolated 


| 


| 








bth lic 


physiological saline) 








Time (hours) 





Lo2 





ns rep (ino 








FIG. 2. Residual number of organisms plus one as a function 


60 


of irradiation time by a 1,000-curie Co 


counts also made in the same ‘medium. 
tion of the suspension for radi- 
plating, and counting the viable 
uit as before. 


Were earned 


esults of this experiment are 
lin Table 2, which also com- 
effects of gamma with that of 
ition* on the same yeast suspen- 
The degree of lethal effeets from 

ravs emitted Co™ and 
While 


some differences in 


lrom 
s are comparable. 


ear to be 
nts in the initial irradiated sam- 
0.085- and 0.170-million rep, re- 


ely), the percentage reduction 
ire within the limits of error 
] 


red in 


i test of this nature. 


iter amounts of a four-day 
Trichomonas foetus (causa- 
infectious abortion” in 
» suspended in a fluid por- 
(7) and 
10 & 75 mm Pyrex tubes 
Motility 
bers of viable organisms were 
d by 


untreated organism suspensions 
One-tenth mil- 


medium 


hneider’s 


imma radiation, 


examining the treated 


microscope. 
the samples was also inocu- 
nto duplicate sets of tubes of 


checked 


ifter three and four days’ incu- 


der’s medium and for 


Wi X-ray 


intaneous 


Model 510) 


ghouse machine 
inst 


(Vieto een 
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roentgen 


FIG. 3. 


source 


In all the suspensions which had.been 
given 0.08- to 0.40-million rep doses, 
the organisms appeared to be actively 
On the other hand, it is only 
in the higher 0.4-million 
that there be 
indication of a more sluggish activity 
than that 
controls. 


motile. 
a9 


4 


to 


doses (0 


rep) appears some 
noted in the nonirradiated 
Examination of the medium 
inoculated with the treated suspensions 
following incubation for four days 
showed growth in those tubes inocu- 
lated with the organism exposed to 
0.09-, 0.17- and 0.26-million rep, but 
in the cultures exposed to 0 
0.40-million rep. The latter 
that while 


death of the organisms is not observed 


29) 


not 


and re- 


sults indicate immediate 
to take place as the effect of irradiation, 
some damage to the cells occurs that 
prevents the organisms from multiply- 
ing—an aspect still being investigated. 


Calibration of Gamma Source 


The ferrous sulfate method of Weiss 
and others (8) was used in a prelimi- 
nary The data 
dose rate of 62,300 rep/hr 
of 15.4 
recommended 
this 


calibration. gave a 

in water), 
micromoles / 
by 


using a value 
liter/1,000 
Weiss. 
being checked further. 

A chloroform-wate: 
drolyzed by gamma radiation to pro- 


iis 


However, calibration 


mixture was hy- 
duce hydrochloric acid and the latter 


10). Hydroly- 


sis by known dose rates was 


used for calibration (9, 
In air) 


determined by pH measurements and 


Co®? IRRADIATION 
Spore-forming M-S organism 
in milk (National Doiry ) 


Effect of gamma radiation on spore-forming (M-S) 
microorganisms in milk 


measurements made 
A value of 74,000 
rep/hr (in air) was obtained. 

Du Pont “ Adlux” film and Victoreen 
r-meter chambers were compared with 


compared with 


within the source. 


ionization chambers of the “Cutie Pie”’ 
type calibrated for gamma radiation. 
taken at a of 
suitable dose rate outside the lead con- 
loot 
The dose rate in 
within the 
Pie”’ 


and 


Readings were point 


tainer and about one above the 
center of the source. 
this position limited 
range of the 
Also at this 
the “Cutie Pie” 
yielded essentially 


The “Adlux”’ 
this 


was 
“Cutie meters. 


position dose rate, 
meters and r-meters 
identical results. 
films were calibrated at 

Only the and 
r-meters be used 
the within the 


cause the flux was so large 


films 
to 
source 
Both the 


film measurement and the r-meter gave 


position. 
could measure 


rate be- 


similar values with a mean of 79,200 + 


9,000 rep/hr (in air) 
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Strong-Focusing Synchrotron 
—Design and Cost Data 


A new focusing concept makes it possible to confine accelerator beams to very 


small apertures. 


multi-Bevy machines feasible. 


By M. STANLEY LIVINGSTON 
Department of Physics, 


Cambridge, Massachusetts 


THE STRONG-FOCUSING principle, by 
means of which it now seems possible to 
build particle accelerators as large as 
100 Bev, was developed last summer 
at Brookhaven National Laboratory in 
the course of a design study for a 
larger, improved cosmotron. 

The fact that the 3-Bey 
did operate as planned, made it possi- 


cosmotron 


Vassachusetts Institute of Technology 


ble to speculate on further methods, 
orbit 


smalles and large: 


radii, with confidence that the particles 


apertures, 


would obey the equations of motion. 
Out of these speculations by the 

author, with Ernest D. 

Courant and Hartland S$. Snyder, grew 


this new principle for the focusing of 


together 


fast-moving charged particles. 


THE STRONG-FOCUSING PRINCIPLE 


The concept that led to the strong- 
focusing synchrotron came from a sug- 
gestion that the could be 
reduced if a change in magnet posi- 


aperture 
tioning were made, In the cosmotron 


the C-magnets (shaded portion of 
Fig. 1) are all placed so that the closed 
part of the C 
orbit. This back-leg C-magnet has the 


weakness. that fringing fields increase 


is on the inside of the 


and useful aperture is reduced as the 
iron approaches saturation. 

It was suggested that the back-leg 
C-magnets be alternated with front-leg 
C-magnets in which the iron return 
circuits were on the outside of the 
orbit. 
use shorter gaps and stronger fields to 


This would make it possible to 


compensate for the weakening of the 

field in the 

aperture. 
Such an alternating-C design would 


12 


outer portions of the 


have other advantages, such as making 


sectors of the inside of the vacuum 


chamber available for experiments 
on positive mesons produced at a target 
make 
the average guide field uniform across 
the width of the 


the magnetic-field gradient 


in the chamber. However, to 
vacuum-chamber 
aperture, 
would necessarily be different in the 
successive sectors. In the language 
f accelerator designers, the n-value 
different, 
sector and negative in the next, at least 


would be positive in one 


in the outer portions of the aperture. 
The n-value is the exponent that 
describes the radial decrease in 
field 
magnetic accelerators, and is defined as 
ro dB 


o(To/ rT)* or n - (1) 


By dr 


mag- 


netie required for focusing in 


where ro and Bo are the radius 


This will considerably reduce magnet size and make 


Data for a 100-Bev synchrotron are presented 


magnetic field at the center of the 
vacuum chamber. 
For stability 


in the betatron = or 


synchrotron, 0 <n <1, which means 
a field which at one limit is uniform 
n 0) other 


creases inversely with increasing radius. 


and at the limit de- 
Most synechrotrons and betatrons are 
designed for 0.25 <n < 0.75. For the 
synchrocyclotron 0.05 <n < 0.2. 

The n-value must be positive, which 
means a field which is concave inwards, 
to produce stability for vertical oscil- 
lations, or for divergent ions in the 
z-coordinate. 


In fields 
around the 


with uniform n-values 
orbit, the 
be less than unity for radial stability; 
that 
force can counteract the divergence in 
the radial Within 
both radial and vertical diver- 


n-value must 


is, below this limit the centripetal 
coordinate. these 
limits, 
gences are restored, o1 focused, about 
the central equilibrium orbit. 

A basie principle in magnetic fields, 
coming from the Maxwell equations, 
states that in a single section of such a 
conservative field, particles cannot be 
simultaneously converged in the two 
transverse coordinates unless there is 
an additional force such as the central 
force in circular motion noted above. 

Oscillations the equilibrium 
known as “‘betatron” or 
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about 


orbit are 





FIG, 1. 


(Left) Cross section of magnet designed to 


give large transverse field gradients over 2 X 1}9-in. 


aperture. 


For focusing, alternate solid and dotted 


pole faces would be used 

















FIG, 2. 
with hyperbolic pole faces to produce uniform and 
equal field gradients in the x- and y-directions 
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oscillations. The frequencies 


of such oscillations are given by 
f. = nf, te = (1 sae n)*f, (2) 


é 


‘‘free”’ 


is the orbital frequency of 
the ions. For the simple 
case n = 0.5, both frequencies are 
equal to 0.707fo, which means that the 
wavelength of the oscillations is longer 
than one complete turn. This 
free-oscillation frequency 


where f; 


motion of 


rela- 
tively low 
leads to large amplitudes and requires 
collimated beams from the 


very well 


source, a large cross section for the 
vacuum chamber, and a large magnet 
to supply the field over this aperture. 
Now to return to the strong-focusing 
The first question to be 
answered about alternating-C magnets 


principle. 


having successively positive and nega- 
tive n-values, is whether the stability 
of the free oscillations is affected. The 
answer found is that such stability is 
greatly improved. To understand this 
we must analyze the equations of 
the oscillatory motion (@ = azimuthal 


angle) 


d?z ; : dr 


a 0): . 
de de? 
where there are .V 
around the orbit with n-values alter- 


+ (1 —n)r = 0 (3) 
magnetic sectors 


nating between n, for odd sectors and 


mn» for sectors. Solutions to 


these equations can be obtained by 


even 
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recursion formulas, and are of the form 
Z, = Ae***#k: Ry Be***#rk = (4) 
where the coefficient yu, is given by 
2rn," 2rn.*? 
—= Gop « ~ ares 
A N 
ny + Ne 2rn,* | 2xn.* 
——— Sin Sen ee 
2(nyn.)” N A 


The coefficient uw, is given by the 


cos 27, = COs 


same expression, with n,; and ne re- 
by (1 — n,) (1 — ny), 
respectively. For the motion to be 
stable for radial and vertical oscillations 


placed and 


—1 < cos 2mp, < 1 
—1 < cos 2a, < 1 (6) 
The stability limits can be plotted 
for any chosen value of N, the number 
of alternating magnetic sectors, as a 
function of nm; and no At N = 10, 
for example, the center of the region of 


stability is for n, t6and np = —5. 


However, it is soon evident that the 
focusing is strengthened by using very 
where the 


large values of N and n, 


difference between |n! and !n — 1] be- 


comes negligible and the amplitudes 


(Below) Cross section of 4-pole magnet 


of both radial and vertical oscillations 
become equal and very small. 

The range of stable values is widest 
when N is large and when nz = 
and the center of the region of stability 


=m, 


(cos 2a = 0) occurs for 
. re /12a 1.1% ~ 
In| = N?/l6O or N i{n|** (7) 


The stability in both radial 
vertical free oscillations obtained by 


and 


using large values of n and N increases 
the frequency of these oscillations by 
The frequency is 


(uN /2)fo (8) 


a large factor. 
| P = fe . 
The corresponding 


reduced proportionately, and the parti- 


wave length is 
cles perform many radial and vertical 
oscillations in a single turn. 

In a practical design, the sectors 
must be separated by short gaps to 
allow space for magnet end-windings, 
radiofrequency accelerator units, and 
vacuum pumps. The equations de- 
rived above, and the stability limits, 
but not 
significantly, if the gaps are no greater 


will be slightly changed, 


than 25% of the sector length. 


DATA FOR A 100-BEV ACCELERATOR 


As a numerical example, the design 
parameters can be cited for a synchro- 
tron designed for 100 Bev (33 times the 


top energy of the cosmotron). Orbit 


radius would be 800 ft in an average 
guide field of 14 The 
vacuum chamber would be 2 in. in 
radial about 1.5 in. 


13 


<ilogauss. 


aperture and 








' 
R*800 











FIG. 3. Arrangement of alternate inside-C 
and outside-C magnets 


vertically. The maximum field gradi- 
ent attained in this aperture is 14,000 
gauss/in. The n-value computed for 
this radius from Eq. 1 is 9,600 

Krom Eq. 7, \ 392; 
must be modified somewhat when the 


effect of 


sectors 1s 


however, this 


straight sections between 
included, the 
chosen is 480 Kach 
would be 10.5 ft long, separated by 
3-ft straight The 


average radius of the magnet structure, 


and value 


sectors. secto! 


sections. over-all 
including straight sections, is 1,030 ft 
and the circumference of the polygon is 
about 6,480 ft. 

The frequency of free oscillations in 
this field, from Eq. 8, is 60f5 (neglecting 
straight sections), so the amplitude 
that 
with a 


is reduced to a few percent of 


expected in a synchrotron 
constant value of n = 0.5. In physical 
dimensions, this double- 
amplitude width for such oscillations of 
about 0.5 X 0.5 in., which is still small 
compared to the aperture dimensions 


means a 


and leaves a safety factor of 3. 


Magnet Design 

The magnet to produce this field has 
looking 
obtain the largest 
field gradient over the width of the 
It is based on the double- 
magnet shown in Fig. 2 which has four 


strange poles, designed to 


possible uniform 
aperture. 


pole faces in the form of rectangular 
hyperbolas. The field is zero at the 
center and has a uniform and equal 
gradient over the entire volume be- 
tween poles if the pole faces are mag- 
netic equipotentials. 
dB,/dz = dB,/dr = constant 

field at “‘half-gap” location (0) 

length of “half-gap” 


The gradient is 


If this magnet is split down the 
center-line axis and one side replaced 
by iron, the field pattern is unchanged. 
This can be called a 3-pole magnet with 
a north pole, a south pole, and a 
“neutral” pole the function of which is 
to preserve zero field at the iron surface. 
A practical modification of this shape 
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to include suitably-shaped coils for 
excitation is shown in Fig. 1. 

The aperture can be fitted with a 
2 1%-in. oval vacuum chamber, 
formed of a nonmagnetic metal tube. 
magnet sectors 


Consecutive sepa- 


rated by straight sections) would be 


alternated with inside and outside 
return circuits, aligned on the vacuum 
chamber as shown in Fig. 3. The 


alternation of successive sectors can 
also be obtained by simply reversing 
the pole-face shape from the solid- to 
the dotted-line positions shown in Fig. 


1. With the 
return legs can be kept either outside or 


alternating pole-tips, 
inside the orbit for sufficiently long 
runs to allow space for injection or fo1 


emergent particle beams. 


Synchronous Oscillations 

The accelerator described here oper- 
the 
synchrotron, in 


ites on principle of a 
the 


perform phase-stable synchronous oscil- 


proton 
which particles 
lations in energy about an equilibrium 
value which increases with time, and 
follows the increasing magnetic field. 
The 


energy required can be computed from 


steady increase in equilibrium 
the magnetic-field cycle, and is found 
to average 770 kv per turn for the 
100-Bey accelerator, if the rise time of 
the magnetic field is 1 sec. 

These synchronous oscillations are 
identical with those of the cosmotron, 
except that the relation between par- 
ticle energy and circumference of the 
equilibrium orbit is changed for par- 
ticles with energies above or below the 
value at the orbit. The 
equilibrium orbit for such a particle 
(with inserted 


central 


is no longer circular 
straight runs), but consists of a periodic 
function of harmonic and hyperbolic 
sections superimposed on a circle of 
different equilibrium radius. 

The orbits for high- and low-energy 
particles are illustrated in Fig. 4, 
in which the curvature of the central 
orbit is neglected, so that it appears as a 
The displaced dotted 
lines represent circular orbits of larger 
the 


average value of magnetic field is the 


straight line 


and smaller radii, along which 


same if the field gradients in successive 
How- 


ever, the average field along the actual 


sectors are equal and opposite. 


higher 
both 


displaced orbit (solid line) is 
than that of the dotted 
the 
excess) and smaller in both sectors for 


the lower orbit. 


line in 


sectors for upper curve (energy 























FIG, 4. 


aperture 


Stable synchronous orbits in radial 


So particles of higher energy actually 
traverse fields 
intensity than the fields in the central 
This 


in compaction of particle energy into a 


averaging higher in 


orbit, and vice versa. results 


small radial spread about the central 
The 


of orbit with particle momentum has 


orbit. change in circumference 


been computed for these displaced 
The result can be expressed in 
the 


momentum associated 


orbits. 


terms ol fractional change in 
the frac- 


It can 


with 
tional change in orbit radius. 
be shown that the 2-in. radial chamber 
width will accommodate a momentum 
spread, Ap/p, of +10%. 
errors can be tolerated in the energy of 
the the 
frequency of the r-f accelerating units 


Thus, large 


injected particles and in 


during early stages of acceleration. 


Radiofrequency Acceleration 

For the large orbit radius envisaged, 
the frequency of particle revolution 
in the orbit becomes small. For exam- 
ple, at an injection energy of 12 Mev, 
the orbital frequency is 26 ke, and it 
rises to 164 ke at the final energy. The 
required voltage per turn is too great to 
be applied in one step, as in the cosmo- 
tron, but should be distributed between 
many units located around the periph- 
ery. If the frequency of the r-f ac- 
celeration is a high harmonic of the 
orbital frequency, these many drive 
units can be phased alike and con- 
trolled from a central unit. 

A large number of drive units, with a 
lower voltage on each, is also advan- 
tageous from the point of view of power 
requirements. It is a well-known 
principle of radiofrequency engineering 
that the total 
units, each supplying a voltage V/n, is 
the 


supply ing a 


power required for n 


l/n times power required for a 
voltage V 
led to a 


120 for the harmonic 


single unit 


These 


design choice of 


considerations have 
order to be used for the r-f acceleration. 

The 
3.1 Me 


applied would be 
at injection and 19.7 Me at 
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frequency 





maximum energy, a frequency ratio of 
6.2:1. At this frequency there would 
be 120 bunches of particles uniformly 
distributed the orbit. The 
number of drive units chosen is 240, 


around 


half phased at zero degrees and the 
alternate units at 180 degrees. 

One of the most important conse- 
this increase in applied 
is the 


quences ol 
frequency by harmonic drive 
corresponding decrease in the radial 
amplitude of the oscijlations associated 
with the synchronous energy oscilla- 
tions. A calculation of the maximum 
amplitude of such synchronous oscilla- 
tions, under these conditions, gives 
a radial extent of +0.25 in. This also 
is small relative to the radial extent 
of the chamber, and allows a safety 
factor of 3 for energy variation -due to 
irequency error. 

One possible method of producing the 
accelerating potential of about 6.4 kv 
per unit (twice the average requirement 
to allow phase oscillations) over the 
range from 3.1 to 19.7 Me, is to use a 
ferrite-loaded resonant cavity driven 
by a broad-band power amplifier. 

Ferrites have been used in a similar 
way in the cosmotron, and it is known 
that types exist which have adequately 
high magnetic permeabilities at fre- 
This figure 

maximum 


quencies up to 20 Me. 
determines the 
frequency and so the choice of the 
harmonic order discussed above. Non- 
inductive, d-c bias windings on the 
ferrite core can be used to reduce the 
permeability by a factor of 40, which 
increases the resonant frequency of the 
ferrite-loaded cavity by 40%. So it is 
possible to tune the cavity over the fre- 
quency range without loss of electrical 


choice of 


efficiency. 

The copper cavity would be drum 
shaped, with an insulated section of the 
vacuum chamber threading it on the 
The dimensions of the drum 
would be determined by the low- 
frequency limit when loaded with the 


AXis 


unbiased ferrite; a reasonable dimen- 
sion would be a diameter of 4 ft and a 
thickness of 2 ft, which would fit com- 
fortably into the 3-ft straight sections. 
Model studies of ferrites are needed to 
determine the practicability of this 
method and the final dimensions. 

It is estimated that such a loaded 
cavity would have a minimum Q, or 
efficiency, of 10 over the 
frequency range. With this assump- 
tion, the power requirements can be 
estimated. Total power required for 
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resonant 


the 240 units is of the order of 1,000 kw, 
and could be obtained from a motor- 
flywheel-generator-rectifier using igni- 
trons similar to that used for producing 
the pulsed magnet power. 


Vacuum Chamber 

One of the most significant advan- 
tages of this design over the cosmotron 
is the simplicity of the vacuum cham- 
ber. A thin-wall stainless-steel tube 
of oval cross section will enclose the 
necessary aperture. Eddy currents 
induced in the wall would have such a 
small effect in altering the shape of the 

High-vacuum 
outgassing by 


field as to be negligible. 
techniques, 
heating under vacuum, are possible 


such as 


with such an all-metal chamber. 

The insulated sections through the 
r-f cavities can be of glass or ceramic 
The number of joints and the length 
of gasket-sealed joints is small. Pres- 
sures of less than 10-° mm of Hg can be 
expected, with relatively small and 


inexpensive pumps. 


Radiation Shielding 

The building to house such a large- 
diameter must include 
radiation shielding as a fundamental 
concept of the beam 
intensities expected (similar to those in 
the cosmotron), the minimum shielding 
in the horizontal plane of the beam 
would be about 20 ft of earth. 

An obvious design concept is a 
trench-type building with the machine 
below ground level, and with a thick 
roof over the trench to attenuate scat- 
tered radiation. Railroad-type hoists 
on rails spanning the trench could be 
used for assembly. 

A cluster of facilities 
grouped around one part of the orbit, 
including controls, injector (12-Mev 
linear accelerator), magnet, r-f power 
generators, maintenance shops, and 
target observation areas. Vacuum 
pumps would be distributed around the 
circle, possibly one small pump at each 
straight section. Magnet sectors, r-f 
power units, and pumps would be 
readily replaceable for maintenance; 
quick connections allowing a new unit 
to be installed with a minimum shut 
down of operations are essential. 

Observation study the 
radiations from targets would also be 


accelerator 


design. At 


would be 


rooms to 


below ground level, separated by an 
adequate earth fill for shielding, con- 
nected by pipes through which the 
beams emerge from the main trench, 


and located both inside and outside the 
orbit. New concepts in building de- 
sign will be required to anticipate all 
the problems involved. 


Cost Estimates 

The preliminary estimating of costs 
is bound to be rough for a machine of 
this type, but many of the components 
can be compared with equivalent units 
in the cosmotron. 
tion is much smaller, and iron costs 


Magnet cross sec- 


are decreased by a large factor on a 
unit-length basis. The expen- 
sive magnet component is the copper 


most 


for the exciting coils, which are made 
large to reduce power requirements and 
avoid the necessity of water cooling of 
the coils. By choosing a rather large 
weight of copper, the total power can 
be reduced to about the same as that 
used for the cosmotron. 

The radiofrequency units require a 
considerable tonnage of ferrite, and 
the power amplifier unit to drive each 
cavity will havea rating of about LO kw. 
The large number of units increases 
installation cost but again decreases 
power requirements so that the primary 
d-c power supply is only a little larger 
than the magnet generator. Vacuum- 
pump units are small in capacity, and 
can be produced cheaply in quantity. 

The large number of identical magnet 
units, and 
pumps suggests the use of production- 
line construction, 
probably by competent commercial 
firms. Design costs will be relatively 
low, since only one prototype of each 
component prepared, As- 
sembly, following a flow-delivery sys- 


sectors, radiofrequency 


techniques for 


need be 


tem from the commercial suppliers, 
will also be a small fractional cost, 
although stretched over a long period 
of time. 


The design problem as a whole seems 


easier than that of the cosmotron, and 
will not require as large a team of 
scientists and engineers. 

The best guesses on costs over the 
10-100-Bev range suggest a construc- 
tion cost of approximately $300,000 
per Bev, decreasing somewhat for the 
higher energies. The volt 
is reduced to about 1/9 of that for the 


cosmotron, for the higher energy range. 
* * * 


cost’ per 


The original work on the strong-focusing 
principle was published in an article by 
Ernest D. Courant, M. Stanley Livingston, 
and Hartland 8, Snyder, in Phys. Rev. 88, 
1190 (1952). Figures 2, 8, and 4 are repro- 
duced through the courtesy of the editors of the 
Physical Review. 
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Copper bar 
conductor 


--Magnet pole 


FIG, 1. 


A d-c electromagnetic pump 


FIG. 2. Electromagneti¢ pump for primary coolant circuit 
of Experimental Breeder Reactor 


Direct-Current 
Electromagnetic Pumps 


Electromagnetic pumps have many advantages for pumping liquid metals. 


Principles of operation and the design of pumps are described, including the 


one used in the primary coolant circuit of the Experimental Breeder Reactor 


By A. H. BARNES 

Reactor Engineering Division 
Argonne National Laboratory 
Chicago, Illinois 


THE PRESENT INTEREST in liquid met- 
als as reactor coolants has served to 
spur the development of pumping 
equipment capable of handling such 
materials at high temperatures. The 
electromagnetic pump, with its ab- 
sence of bearings and seals, is a very 
attractive device in the face of the 
difficulties encountered in attempting 
to confine sodium or sodium-potassium 
alloy by any form of shaft seal together 
with the problem of designing bearings 
to operate in these liquids. 

Since the pioneer work of Northrup 
in 1907 (1), many investigators have 
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designed a wide variety of apparatus 
for pumping liquid metals by electro- 
means. Work on 
magnetic pumps was begun at 
Argonne in 1946 (2) when 
small, a-c induction (centrifugal type) 
pumps were tested. 


magnetic electro- 


several 


Subsequently, a 
linear induction pump (8) with a ca- 
pacity of 100 gal/min was constructed. 

This article will be confined to a 
discussion of the d-c electromagnetic 
pumps (4) which have been under in- 
vestigation at Argonne since 1947. A 
discussion of early work is given in a 
series of reports of the Reactor Engi- 
neering Division (6). 


Principle of Operation 
The principle of operation of the 
direct-current pump is illustrated in 





I Re Ec 


FIG. 3. Equivalent circuit of pump 





Advantages of Pump 

. Completely sealed, all-metal 
system 

. No moving parts, no bearings 
to wear or require attention 

. Can pump liquid metals at 
high temperatures 

. No vibration 

. No radiation damage since 
practically no electrical in- 
sulation required 
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FIG, 4. 
magnetic field 


hig. | 
mental 
Fig. 2 


a thin-walled rectangular tube of stain- 


The pump used in the Experi- 
Reactor 
The liquid metal flows through 


sreeder is shown in 


| or other metal of high electri- 


less stee 
cal resistivity. Copper bars are brazed 
to opposite sides of the tube, and the 
assembly is placed between the poles 
enter- 
the 
liquid in the tube and develops in it a 


of an electromagnet. Current 


ing through the wall traverses 
longitudinal thrust. 

The magnitude of the force on the 
liquid is 

F BI,r/10 dynes (1) 
B is the magnetic flux density 
in gauss in the liquid between the 
poles, J, is the current in 
amperes traversing the liquid which 


where 
magnet 


lies in the magnetic field, and r is the 
width in centimeters of the rectangular 
tube parallel to the direction of current 
flow 
If s is the width of the tube in the 
magnetic field direction, then rs is the 
cross-sectional area of the tube, and 
the pressure developed will be 
Bl .r BI, ; 
P dynes/em? (2) 
10rs 10s ° 
The total current traversing the tube 
the sum of the currents in the 
The cur- 


will be 
liquid and in the tube wall. 
rent in the liquid will consist of two 
portions: that which passes through the 
region of strong magnetic field and is 
therefore effective in developing a 
thrust in the liquid, and that which 
by-passes the region of strong field 
and little or nothing to 
the pumping action. 
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( ontributes 


15,000 
Current (amperes) 


Static pressure as a function of current for constant 


20,000 


FIG. 5. 


constant current 


Figure 3 shows the equivalent cir- 
cuit of the The total cur- 
rent, J, is 


system. 


I oth (3) 


where J, is the current which crosses 
the tube through the wall, J, 
current traversing the liquid which lies 


is the 


in a strong field region, and J, is the 


current traversing the liquid which 
passes through regions of weak field at 
entrance and exit portions of the tube. 

Since 


voltage drops along parallel 


paths are equal 
ly ie 
I, R, 


where E, is the counter-emf developed 


‘ + E, 
 F R, "" E. 


in the liquid as it moves through the 
magnetic field, R, is the resistance of 
the by-pass path through the tube wall, 
FR, is the resistance of the effective cur- 
rent path through the liquid, and R, is 
the resistance of the by-pass path in 
the liquid. 

Combination of Eqs. 3, 4, and 5 


gives 


fn K n. (4 ne) +I, 
R. +R 
+E - 6) 
( R. R, ) 


Since E£, Brv 
v is the velocity of the liquid in centi- 


10-8 volts, where 


meters per second, and t Q/rs, where 
Q is the flow through the tube in cubic 
centimeters per second, then 

Bri 

10'rs 


Now, from Eq. 2, J, = 


E. 


10 Ps/B, and 


Capacity (gal/min) 


Head-capacity characteristics of several pumps with 


substituting this and Eq. 7 into Eq. 6, 
and solving for Q we get 


10% | ( RR ) 10Ps 
B Ro + Ri B 
R, Ry 
7 a ecm? sec Ss) 
(x. ' Re 4 .) | ” 


This relation shows how the pump 
capacity will vary with current, mag- 
netic field intensity, and geometry of 
the tube. The values for Ry, and R, 
may be calculated from the dimensions 
and resistivities of the tube and liquid. 
The resistance 2, is best evaluated on 
the basis of experimental tests, since it 
is a complicated function of tube and 
magnet field distribution, 
and liquid velocity profile. 

Equation 8 also indicates that there 
current for 


geometry, 


is & minimum value of 
which the flow is zero at any given 


pressure, Further, since 


aq a R, R, 

al B RL + R, 
the flow 
current. 


will increase linearly with 


The expression for the static pres- 
sure developed is obtained from Eq. 8 
by setting Q = 0, and is 

Bl 


108 


R, Ry 
RAR, T R,) 


P static 


dynes/em?® 


| R, R, t 


(9} 


which is equivalent to Eq. 2 with the 
pressure now given as a function of the 
total current fed into the tube. If B 
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is expressed in kilogauss, J in kilo- 
amperes, and s in inches, and if R, is 
small compared to R, and R,, 
Eq. 9 takes the form 


then 


p — 057BI 


lb/in? (10) 


8 

Figure 4 shows the variation of static 
pressure and current obtained experi- 
mentally with pumps of various dimen- 
The magnetic field intensity 
was held constant in each case. The 
pumps are designated by the dimen- 
sion of the pump tube, s, 
parallel to the magnetic field. 


Rearranging Eq. 8 we have 
> » BT). 
108 L Ry Ry + Re Ro + RB: 
B? 
ons Q 


R, Ri 
10%? | R, 
( ’ 4 :) 


that the 
capacity characteristic 


sions. 


which is 


R., Ri 


which indicates pressure- 
neglecting hy- 
draulic losses) of the pump should be 
linear, with the pressure decreasing at 


the rate of 


a -— aoe fe 
10re (4 ee ) oo ee 


Re T R 


as the flow increases 


Figure 5 illustrates this relation. 


These curves were obtained by allow- 
ing the flow to increase while the cur- 
rent and field were kept constant 
Again referring to Inq. 8, it appears 
that there should be an optimum value 
field 
the flow is a maximum at a given 


a 
Thus, 


of magnetic strength for which 


pressure. setting 


dQ : 1O*Ts RR 
OB Bb? Ro +R 
x 10°Ps? R R 
Bi (x “PR 4 --) ' 


one obtains 
20Ps 
/ 


| | R, P R 
R, R, 


Figure 6 illustrates this effect. 
The potential difference across the 
pump tube (i.e., between points at 


B(optimum) 


which the copper bars attach to the 
tube wall) will be 
Ve= E+ 1,R, 
BQ. 10PsR, 
10%s — B 


volts 


Capacity (gal/min) 








2,000 4000 
Moagnetic Field intensity (gauss) 


FIG. 6. Effect of magnetic 
capacity with constant current 


field on 


8 
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FIG. 7. Variation of 


current 


efficiency with 


The electrical power input to the 
pump tube will therefore be 
W,= IV, 


BQ 
I | 
10%s 


10PsR, | ; ‘ 
watts (13) 
B | 


The mechanical power transferred to 
the moving liquid is 10-7? PQ watts; 


so the efficiency of power conversion is 

10 7PQ 

Efficiency : 
BQ 10PsR, 
1O*s B 


Substituting the value of 


iq. 8S, this becomes 


Q from 


10Ps _, 
bl 
10Ps 


Efficiency 


This expression does not take into 
account the power required to main- 
tain the magnetic field. If the magnet 
winding is connected in series with the 
current path through the pump tube, 


and if this winding has a resistance R,,, 
then Eq. 14 becomes 

10Ps 

BI 
10Ps 
iB 


Efficiency = 


IR, Ry - (R, Ry 


+R. R, + R. RR.) 


10Ps 


IR, R, —_ of (R,, R,) 
B 


+ IR,»(Ry + Rs) 
(15) 


It should be noted that the pressure, 
P, used in the above relations is the 
pressure which would be developed if 
there were no hydraulic loss in the tube. 
The actual pressure, of course, will be 
less by the pressure drop due to pump- 
tube impedance. Figure 7 shows how 
the efficiency of a pump varies with 
current input. As one would expect 
from the form of Eq. 14, there is an 
optimum value of current above which 
the efficiency decreases because of ris- 
ing J?R losses in the tube and magnet. 
Types of Pumps 
several different 


have 


cross- 


Pumps of 


section geometries been con- 


structed and tested. These ranged in 
size from 0.25 X 3.0-in. to 3.0 * 3.0-in. 
and one 4.0-in.- 
Nichrome, 
inconel, and stainless steel (347) have 
tubes. In 


some cases, the thin-walled tube was 


rectangular sections, 
diameter circular section. 


been used for the pump 


fabricated from sheet and then seam 
thin-walled seam- 
less tubing was used. Wall thickness 
varied from 0.025 to 0.062 in. 

The table on the next page lists the 


welded: in others, 


salient data for various pumps. 


Method of Testing 


For testing purposes, each pump 


section formed part ol a closed loop 
of either 2.0- or 4.0-in. pipe in which 
were mounted a throttling valve, flow 
meters (both orifice and electromag- 
netic), pressure gages, expansion tank 
Calrod The 
tank was located adjacent to the inlet 
side of the The fluid 
developed was taken as being 0.435 X 
flow rate X Ap watts, 
rate is in gallons pel minute, and Ap is 


and heaters. expansion 


pump. power 


where the flow 


the difference between the gage read- 
ings on each side of the pump. 

The systems were filled with sodium- 
potassium alloy of either the 44% K 
or the eutectic (78% K) composition. 
After the systems were filled, the alloy 
was heated to 350 
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C for several hours 





to ensure wetting of the pump-tube 
walls. During this procedure, the elec- 
trical resistance across the pump tube 
was observed to decrease by a factor 
of 5 or more, but when the walls were 
once thoroughly wetted, the resistance 
continued to remain low (see the table 
on this page). 

During part of the work, the mag- 
netic field for the pumps was supplied 
by an electromagnet which was excited 
by a separate d-c supply. For some of 
the pumps, however, the magnets were 
the current which 
passed through the pump tube so that 


excited by same 
the electrical connection was equiva- 
lent to that of a series d-c motor. 


Construction of Pumps 

Since the efficiency of the pump de- 
pends to a considerable extent on the 
magnitude of the power required to 
maintain the magnetic field, consider- 
able effort was expended in constructing 
magnets with low power dissipation. 
The field windings for the series-con- 
nected pumps were castings 
machined to fit 


pole pieces with close clearance. 


copper 
the Armco iron 
Pure 
mica sheets were the only insulation 
used. When than 
10,000 amperes were required to drive 


over 


currents greater 
the pumps, the field winding consisted 
of two turns of 4 X 4-in. cross section 
the 


case of the pump magnet for the Ex- 


copper or 6 X 6-in. copper as in 


perimental Breeder Reactor (Fig. 2). 
The leads connecting the pump tube 
and the magnet winding were of copper 
bar stock of the same thickness as the 
When these leads were in 
magnet winding, they 
additional turn to it 
raising the efficieney 


All 


ited and soldered. 


current-carrying 
The 
these magnet windings 
10-8 ohms at 50° C 

on problem is practically 
In these pumps because 
oltage drop across the 

s than 1.0 volt. This is 
ble feature of this type of 


nite hy 


ition 


as high temperatures 
damage do not affect 
The 
with liquid temper- 
100° C without the 


sit of any forced cooling. 


operation pumps can be 
ntinuousl 


r excess Ol 


Sources of Current 
The ire 


operation of these pumps was supplied 


lirect current required for 
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oe 


FIG. 8. 


initially by a selenium rectifier, capable 
of continuous operation at currents up 
to 6,000 When it 
desirable to operate at still larger cur- 


amperes became 


rents, a homopolar generator was con- 





Homopolar generator (right) and electromagnetic pump (left) 


This machine (6) was made 


ng Nak alloy 


structed, 
very compact by emplo 
capable of 
20,000 


etheiencies of 


as a liquid brush. It was 
supplying currents in excess of 
amperes at 0.5 volt at 





Data for Pumps 


Coppt rarea wn 


4 imp see 


1.0 dia 
1.50¢a\ c3.3x2 80-1 

* Pumps are reierred to in text in tern if 
In table, 
third is length of thir 


first dimension i 


wall 


section 


t This pump use 


t Tube has taper 


parallel to field direc 


iin } xperiment il Breeder 


of 1.80-1.451 to provide u 


of Different Cross-Section Geometries 


Vagnet 
poles 


n 


5.0 dia 
10x 10 
5.0 dia 
10 
10 
10 125 
10 100 
(10 235 
10 225 


lo 2000 


limension parallel to magt 


tion, second is parallel to curre 


Reactor 


agnetic field compet 








Input voltage * 0.40 volts 
temperature *200°C 


+ 





a. eee 
Copocity (gal/min) 


400 


FIG. 9. Characteristics of 1.75-in. pump 





Current (kiloomperes) 


FIG. 11. 
EBR pump at 250° C 


50-65%. This is considerably higher 
efficiency than can be obtained from 
rectifiers supplying power at the low 
voltage required in this application 
A homopolar generator connected to 
an electromagnetic pump is shown in 
Fig. &. 

The magnitude of the current sup- 
plied to the pumps was either read 
directly the aid of a 
10,000-ampere shunt, or in the case of 


with standard 
larger currents, by a device operating 
on the field surrounding one of the bus 

This consisted of a motor-driven 
block the field 

bus bar and adjacent to a 
The 


was fed to an 


bars. 


iron which rotated in 
of a 
fixed pickup coil. 


induced emf 


in the coil electroni 
voltmeter. The arrangement was cali 
brated against the standard shunt by 
loading it up to 20,000 amperes for 


short intervals. 


Optimum Field Intensity 


is seen 


that there 
will be an optimum value of magnetic 


field intensity for which the flow will 


20 


Krom Eq. 12 it 


Variation of capacity with current for 

















— 


- 


Tube and magnet-pole arrangement for Experimental Breeder Reactor 


Py 
°o 





Head (ib/in) 


Power (watts) 
7,100 
7,500 
9,100 
12,500 
16,600 

P say 


value of 
effect is 


be & maximum at a given 
This 
due to the by-passing of current, which 


the 


current and pressure. 


becomes more pronounced 4s 


counter-emf increases with increasing 


field the the 
magnet poles extends the paths which 


Increasing length of 
current must follow in the liquid to 
cross the tube beyond the field region. 

A series of tests was made to deter- 
mine the improvement in capacity and 
resulted from an in- 


efficiency which 


crease ol pole length. It was found, 
that the 


pump tube, an increase of pole length 


for instance, with 1.75-in 
produced a 15% gain 
When the pole length 
10 in 


from 5 to 8 in 
in efficiency 


was then further extended to 


the increase in efficiency was only 3% 


additional. A 


yond the region in which current was 


further extension  be- 


crossing through the liquid had a detri- 
mental effect. This is due to the re- 
tarding effect of the induced current 
developed in the moving liquid as it 
enters the magnetic field. Since these 


induced currents flow in a direction 





Capacity (gal/min) 


Characteristics of EBR pump at 250° C 


opposite to that of the current sup- 
plied from the external source, they 
exert a braking effect on the motion of 
the liquid. To minimize this, the mag- 
netic field intensity should be made to 
decrease gradually on both the up- 
stream and downstream sides of the 
region in which current is traversing 
the liquid. In the ideal case, the fall- 
ing off of field intensity would coincide 
with the falling off of current density 
due to the fringing of current in the 
liquid beyond the region where the bars 
are attached to the pump-tube wall. 
This distribution in field intensity may 
be accomplished by proper tapering of 
the magnet poles. 

Figure 9 shows a typical relation 
between efficiency and capacity when 
the kept 
The efficiency as the rising 


voltage is constant. 


falls off 
counter-emf reduces the effective cur- 


input 


rent through the liquid, with a result- 
ing decrease in developed pressure and 
power output. 

The magnetic field due to the flow 
of current across the pump tube dis- 
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torts the field between the magnet poles 
by introducing a component which in- 
creases the resultant field intensity on 
the upstream end and lowers it on the 
downstreamend. This inhomogeneity 
in the field along the length of the tube 
produces a greater counter-emf in the 
moving liquid on the upstream end 
than on the downstream side with the 
result that the current distribution 

the length of the tube is not 
uniform but is increased downstream 
and reduced toward the upstream end. 
Thus the resultant and field 
distribution is such that the regions of 
highest current density are in regions 


along 


current 


of lowest field intensity. 

The net this effect is to 
the pumping capacity. The 
magnitude of the effect will increase 
as the current density and counter- 
For pumps 


result of 


lowe! 


emf in the liquid increase. 
of large cross section operating at rela- 
tively low currents, the effect is hardly 
noticeable, but for high rates of flow 
and accompanying large current den- 
sities, field compensation should be 
provided, This may be accomplished 
in two ways. 
In the first 


design practice, the field of the cur- 


method, as in motor 
rent in the liquid may be cancelled by 
an opposing field provided by an equal 
current flowing in the op; vsite direc- 
tion in a conductor which is located 
above and/or below the pump tube. 
This is most conveniently accomplished 
by arranging the bus bars which are 
attached to the tube in such a manner 
that current enters the tube from one 
side and is returned from the other side 
through a bus bar adjacent to the tube. 

The second method is to taper the 
poles so that the magnetic gap is wider 
In addi- 
may be 


toward the upstream end. 
tion, the 
tapered, so that the velocity of the 
the 
such 


tube cross section 


downstream 
that the 
counter-emf in the liquid remains con- 


liquid increases in 


direction at a rate 
stant as the liquid traverses the region 
between the poles. 

The first 
has the disadvantage that the magnetic 


method of compensation 


gap must be considerably increased to 
provide room for the compensating bus 
bars. In addition, the geometry of the 
whole assembly becomes much more 
compli ated. 


The of the 


method lie in increased tube fabrica- 


disadvantages second 


tion difficulties and in the increased 


hydraulic losses in a tapered tube. 
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The optimum cross section geometry 
is determined by considerations of re- 
quired head and capacity, available cur- 
rent supply, magnet power, and current 
by-passing losses. Since the by-pass- 
ing loss increases with counter-emf, and 
since, from Eq. 7, EF, = BQ/10%s, large 
values of s will minimize the by-pass 


current losses. On the other hand, in- 


40 ib/in® 


es 
° 


30 Ib/in? .. 


8 


20 bin? 


Efficiency (%) 





y 
° 


200 400 
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FIG. 13. Efficiency as a function of ca- 
pacity for EBR pump at 250° C 


creasing 8 requires an increase in cur- 
rent and magnet power. 


EBR Pump 


The pump constructed for the Ex- 
perimental Breeder Reactor (EBR) em- 
ploys a nichrome tube of 0.025-in. wall 
thickness. The tube tapers from 1.80 
to 1.43 in. in the field direction as it 
passes between the magnet poles. Its 
the direction 
varies from 2.90 to 3.4 in. 


dimension in current 
The mag- 
netic gap also is tapered from a width 
of 1.86 in. at the end to 
1.50 in. at the exit end (Fig. 10). The 
The mag- 


entrance 
pole pieces are 4 X 15 in. 
net winding consists of two turns of 
6 X 6-in. cross section copper which 
are connected in series with the cur- 
rent path through the pump tube. 
The tube and field structure are insu- 
lated from the core by means of mica 
sheets. 

The whole assembly is mounted in- 
side a welded stainless-steel enclosure 
which will retain the liquid metal in 
the event of failure of the pump tube. 
The current leads are brought into the 
enclosure through stainless-steel bel- 
lows which into 
the short circuit path formed by the 
enclosure. The normal by-pass cur- 
rent through the bellows is 200 am- 
The bellows are sealed to the 


introduce resistance 


peres. 
5-in.-diameter copper leads with a pres- 
sure fitting. The filled 
with helium at 5 Ib/in®. Leakage of 
liquid metal into the enclosure can be 
detected by the short-circuiting of an 


enclosure is 


insulated probe which is connected to 


an alarm circuit. 


Figure 11 shows the capacity-current 
characteristics of this pump. 

Figure 12 shows the head-capacity 
Nak alloy at 


show n 


characteristics with 
250° C. Each 


sponds to a particular value of power 


curve corre- 
input. 

The pump is located in the primary 
coolant loop of the reactor. It is in 
parallel with a mechanical pump and 
arranged so that may 
The pump is placed in a 


either pump 
be used. 
shielded cell with heavy copper bars 
passing through the cell wall to a 
rectifier which is placed externally for 
The 


water-cooled copper sulfide-magnesium 


ease of servicing. rectifier is a 
unit capable of supplying 20,000 am- 
peres at 1 volt. j 

In using pumps of this, type, it is 
very important to provide adequate 
means for venting gus from the sys- 
tem and avoiding situations in which 
gas can be fed into the moving liquid 
The effect 
of gas bubbles is to increase the electri- 


by turbulence in tanks, ete. 


cal resistance through the liquid with 
resultant loss of flow and efficiency. 
Difficulty of this kind was experienced 
in the Idaho installation until baffles 
were introduced into a tank which was 
located on the entrance side of the 
pump. 

Figure 13 the 
efficiency with capacity of the pump 


shows Variation of 


when operating at 250° C. The over- 
all efficiency of the d-c type pump in- 
the current 

a rectifier, 


volves the efficiency of 
this is 
then for an input voltage of the order 


supply system. If 


of 1 volt an efficiency of 40% is obtain- 
able. This means that the over-all ef- 
ficiency of the system would be around 
20-25%. 


used, a higher efficiency 


If a homopolar generator is 


enn be ob- 


tained since a generator efficiency of 
80%, or more, is possible. 

The disadvantage of the d-c electro- 
the direct- 


magnetic pump is large 


current requirement. 
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Pulsed G-M Tube Operation 


These advantages may be obtained with pulsed G-M tube operation: 


* Radiation-intensity detection range is extended by pulse triggering 


* Strong pulse overvoltage permits minimum dependence 


on voltage stability 


* Counting-rate measurement provides a linear-detector-response function 


* Nonlinear performance may be measured with tube current 
or count-pulse amplitude 


By S. W. LICHTMAN* 
Electron Optics Branch, Optics Division 
Naval Research Laboratory 


Washinaton D€ 


THE PRINCIPAL purpose of this article is 
to illustrate some important aspects 
of pulsed G-M tube operation. 

Two types of pulsed operation will 
be described. In one of these, the tube 
is made continuously sensitive to ion- 
izing radiation by energizing it from a 
G-M 


voltage 


within the plateau 


this 


d-e source 


Upon 


region. there is 


superimposed a narrow pulse voltage 
rate. In the 


of uniform recurrence 
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FIG. 1. 


National Bureau of 


second mode of operation, the tube is 
gated by means of a narrow periodic 
trigger pulse, and it is thereby made 
responsive to radiation only during the 
brief interval defined by the pulse 
duration. 

Operation of a G-M tube from a 
recurrent-pulse voltage increases the 
range of response to radiation intensity 
over that obtained with a conventional 
source of constant potential (7, 2). It 
may also raise the energy of each 
counting pulse, as was done by Rossi 

to permit transmission over a long 
cable An 
the tube 


potential, is the intrinsic time for a dis- 


inherent characteristic of 


when operated at constant 


charge to become deionized following 


a counting event. This condition sets 


an upper limit to the normal counting- 
rate capacity. 


Continuous Operation 

The simplest 
operation from conventional methods 
lies in the addition of a recurrent pulse 
voltage to the d-c G-M voltage region. 
By this means, the effective quenching 
action is and the useful 
response is extended to stronger fields 


transition to pulse 


improved 


of radiation. 

With d-c operation alone in strong 
radiation fields, the typical tube per- 
formance is of the form shown in the 
Stever diagram (4, 5) of Fig. 1. Here 
the significance of the deadtime and of 
the recovery time is clearly evident. 
During the deadtime interval following 





Stever diagram: (a) schematic representation of deadtime pattern indicating deadtime, tz, at foot of envelope of pulses trig- 


gered during recovery interval from fy to f,; (b) deadtime pattern photographed on triggered sweep; (c) variation of electric field at the 
anode surface during period of ion-sheath transport from anode to cathode 
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FIG. 2. Oscillograms of G-M tube per- 
formance for d-c and for d-c-plus-recur- 
rent-pulse operation 


a count, the tube is paralyzed as a 
result of field reduction in the vicinity 
of the wire arising from the relative 
immobility of the positive ion sheath 
during the electron transit time; this 
condition renders the tube incapable of 
further response to ionizing radiation 
during this period. 

The effect of 
radiation levels on G-M tube pulse 


exposure to various 
amplitude is shown in Fig. 2. The 
oscillograms made with a 2-in. 
mica-window G-M tube with 100-usec 


were 


Tube voltage for all four 
cases was 600 volts, d-c. Excitation 
10 and 200 mr/hr and 100 r/hr for 
Figs. 2a, 2b, respectively. 


markers. 


Was 
and 2¢, 
Figure 2c shows the tube in a state of 
saturation; it is virtually blocked by 
the strong radiation exposure. Figure 
2d illustrates the kind of recovery that 
takes place due to superimposing a 
narrow pel iodic pulse voltage upon the 
d-c tube Pulse width 
5 usec; pulse rate, 5,000 pps; and pulse 
amplitude, 800 volts. 

A similar set of characteristics show- 
ing G-M tube current as a function of 
radiation intensity level appears in 
Fig. 3. The tube used was a type 
GC120N with a 2-in. mica end window; 
threshold is 560 volts with 40-cm Ne 
and l-mmCl,. Adding a periodic pulse 

width = 20 usec, rate = 2,550 pps) to 
the tube 


voltage. was 


voltage extends the linear 
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FIG. 4. Range-extension factor vs pulse 
amplitude with pulse rate of 2,550 pps 
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FIG. 5. Range-extension factor vs pulse 
width with pulse rate of 2,550 pps 


region without affecting the perform- 
ance below saturation for the d-c case 
alone. 

Combined pulse-plus-d-c operation 
raises the radiation which 
saturation occurs. This, for conven- 
ience, is defined as the limiting radia- 
tion level beyond which the slope of the 
detector-current response characteristic 


level at 


changes sign. 

The quality of performance obtain- 
able from superimposed pulse operation 
is a function of the tube deadtime, the 
operating voltage, pulse amplitude, 
pulse width, and repetition rate. These 
functions are illustrated in Figs. 4 to 6, 
using the GC120N tube. In _ these 
figures, the range extension factor used 
as the ordinates is defined as the ratio 
of the saturation radiation fields for 
combined pulse and d-c operation to 


d-c operation alone. 


Counting Rate vs Dosage 
Referring again to Fig. 2d, it be- 
comes evident that the tube recovers 
in the period immediately following an 
injected pulse, so that quenching is 


effectively improved. In the presence 
of strong radiation fields, such per- 
formance would also indicate a con- 
vergence of the recovered G-M tube 
counting rate towards the pulse repeti- 
tionrate. This is brought out in Fig. 7 
with the GC120N tube operating at 


FIG. 6. Range-extension factor vs pulse- 
repetition rate 


600 volts, d-c. Counting-rate satura- 
tion occurs at 12 mr/hr for the d-c case 
(curve A). With combined 90-volt 
pulse and d-e operation at a discrimina- 
tion level of 0.5 volt, and for the same 
pulse-amplitude detection-sensitivity 
condition as for curve A, curve B is 
obtained. The maximum counting 
rate is seen to converge in a nonlinear 
manner towards the pulsing frequency. 
Such nonlinear performance is generally 
unsuitable for measurement purposes, 
By raising the amplitude discrimina- 
tion level to 3.0 volts, curve C is 
obtained. This converges towards the 
pulsing frequency at 560 mr/hr in a 
manner more compatible with quanti- 
tative measurement requirements. 

The amplitude distribution of count 
pulses as a function of counting rate is 
illustrated in Fig. 8. A was 
obtained with a type-120N tube oper- 
ating at 600 volts, d-c; curve B was ob- 
tained with a 90-volt pulse at a rate of 
2,000 pps. 
pulse > 0.5 volt 


Curve 


For d-c operation, total 
114,000 epm; for 
pulsed operation, total pulse > 0.5 
volt = 98,400 cpm. 

In the example (Fig. 7) of counting- 
rate detection, the radiation-intensity 
range has been increased by a factor of 
approximately 46 by the introduction 
of a recurrent-pulse voltage upon the 
G-M d-c voltage region. As will be- 
the limiting pulse- 
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FIG. 7. Counting rate vs radiation intensity 


repetition rate (PRR), and therefore 
the highest linear counting rate that 
may be extracted by this means, is 
related to the tube deadtime. 


Tube Current vs Dosage 

An analogous set of curves represent 
ing tube current as a function of radia- 
tion intensity level is shown in Fig. 3. 
For d-c operation alone, the current 
curves corresponding to two levels of 
d-c operation exhibit saturation at 
about 90 mr/hr. Above this level of 
exposure, current decreases with further 
increases in radiation intensity. 

When the d-c voltage is supplemented 
with a voltage, the 
tube-current 
out to approximately 3,000) mr/hi 
Beyond this point saturation effects 
The super- 


recurrent-pulse 


response becomes linear 


again become noticeable 
imposed pulse will be observed to have 
straightened out the current-radiation 
field characteristic in the region wherein 
curvature otherwise oc- 
curred for d-c operation alone. This 
was attained without altering the per- 


would have 


formance at lower intensity levels in 
the region within the normal measure 
For the 


example chosen, the use of combined 


ment capabilities of the tube 


pulsing and d-c operation has extended 
the useful radiation-intensity capacity 
of the tube by a factor of 33. 


Pulse Parameters 


The effect upon tube performance 


arising from the introduction of a 


recurrent voltage pulse into a conven- 


tional G-M tube circuit is dependent 


upon all of the features that charac- 


terize the pulse. The repetition rate, 
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FIG. 8. Pulse-amplitude distribution vs 
10 mr/hr 


dosage = 


pulse width, pulse amplitude, and pulse 
shape are each separate and controlling 
entities. Effects of these parameters 
upon the performance are shown in 
tto 6. A rectangular pulse was 
employed in all tests. The effect af 


pulse shape upon performance has not 


’ 
Figs. 


been separately investigated as this, it 
was felt, may be largely inferred from 
the study of pulse width. 

Pulse amplitude. Figure 4 
the influence of pulse amplitude upon 


shows 


the radiation-intensity-versus-current 
characteristic of a G-M tube for three 

Each d-e voltage 
the G-M 
range-extension 


levels of d-c voltage. 
falls within plateau 
region. The 
from this figure is independent of where 


ley el 
factor 


on the plateau the d-c operating point 
is chosen, Essentially identical per- 
formance is obtained from each of the 
shown, 


three operating states 


vided, however, that the pulse ampli- 


pro- 


tude used is not less than 20% of the 
d-c voltage employed. The use of a 
larger pulse amplitude does not further 
extend the saturation capabilities as 


level off. With 


narrow pulses, the combined pulse plus 


the curves simply 
d-c voltage may rise far beyond the 
G-M plateau boundaries without ad- 
versely affecting the performance. 
Spurious counts are inhibited by the 
deliberate choice of a pulse width much 


less than the tube deadtime and of 
periodicity approximating the recipro- 
cal of the deadtime. 
Pulse width. To 
quenching, the pulse 


must be much less than the tube dead- 


improve tube 


width chosen 
time. This is brought out in Fig. 5 


from which it may be seen that the 


counting rate with 


range-extension factor varies inversely 


as the pulse width. Continued im- 
provement in operation down to the 
narrowest pulse employed, namely, 
about 44-usec duration, is evident from 
this figure. The ultimate extension in 
range, as will be brought out in the 
discussion on triggered G-M tube oper- 
ation, will be shown to reside in the 
Here tz is the 


G-M tube deadtime interval, and w is 


extension factor tz/w. 
the width of the injected pulse, 
For the tests, the injected 


pulse duration was large by comparison 


above 
with the electron transit time. As long 
as this condition is maintained, the con- 
clusion drawn therefrom, namely, im- 
extension with 
follows. If 


provement in range 
reduction in pulse width 
the pulse were narrowed sufficiently so 
as either to approximate or become less 
than the transit time, the 


counter-tube behavior would be altered 


electron 


markedly in accordance with transit- 
time theory. One of the effects to be 
anticipated as such conditions of opera- 
tion are approached would be a reduc- 
tion in influence of the pulse upon the 
tube performance. As the electron 
transit time is of the order of 1078 see, 
this to establish a 
possible lower limit to the pul e dura- 
tion that This 
matter merits further investigation. 
With reference to Figs. 2, 3, and 4, 
the injected periodic-pulse voltage may 


magnitude serves 


may be employ ed. 


be seen to assume the role of a catalyst 
by speeding recovery from each dis- 
charge without materially affecting the 
count-pulse energy. 
Pulse-repetition rate. The 
ence of repetition rate upon range ex- 
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influ- 





tension is illustrated in Fig. 6. An 
optimum well-defined rate occurs, for 
the tube illustrated, at a repetition rate 
of 2.500 This 
the 
namely, 400 usec, which was 


cps. period agrees 


identically with tube deadtime 
interval 
verified by means of a Stever oscillo- 
scope pattern 


This 


when it is observed that a pulse-repeti- 


behavior is understandable 
tion period longer than the deadtime 
will result in the tube’s saturating and 
blocking up between pulse intervals. 
Also, when the pulse-repetition period 
is shorter than the deadtime interval, 
complete recovery between pulsing 
events will not occur, with a consequent 
lowering in range and in the maximum 
G-M tube current. Maximum circuit- 
current conditions and a capacity for 
covering the greatest range of radiation 
intensity are both, therefore, satisfied 
by a repetition period equal to tube 
For direct-counting appli- 
cations, these criteria also fix the maxi- 


deadtime. 


mum counting rate as the reciprocal of 
the deadtime interval. 


Intermittent Operation 

If the high voltage furnished to a 
G-M tube is applied for brief intervals 
at a periodic rate, the tube is rendered 
sensitive to radiation only while the 
The 


measured counting rate, when triggered 


voltage is impressed upon it. 
in this manner, will be a fraction of the 
count that would have been measured 
had the voltage been constantly applied 
to the tube 
counting rates may, for convenience, 
be called the scale factor, SF, or 


The ratio between both 


Counting rate for continuous 
_ (d-e) operation 
SI oe : 
Counting rate for intermit- 

tent (triggered) operation 





Counts per Minute 








Pulse —Repetition Rate (pps) 











FIG. 9. 


acteristic 
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Pulsed G-M tube counting char- 


According to this definition, S¥ > 1. 

The relationship between trigger- 
pulse parameters, detectable counting 
rate, and the scale factor SF is illus- 
trated in the experimental curves of 
9 and 10. In the case of Fig. 9, 
the tube was operated at 600 volts, 


d-c, with a 400-volt pulse amplitude; 


Figs. 


the counting rate with d-c operation 
was 15,722cpm. The results of Fig. 10 
were obtained with a type-BS1 tube 
operated at 570 
90-volt pulse and a 997-pps rate. 


with a 
For 
pulse widths considerably less than the 
deadtime, SF to the 
reciprocal of the duty factor 


SF = 1/uf (2) 


volts, d-e, 


tube is equal 


where w is the pulse width and f is the 
repetition frequency. 
Equation 1 may now be given as 


Af = F(R)uf (3) 


where Af is the measured counting rate 
and F(R) is the maximum counting rate 
(corresponding to continuous sensi- 
tivity) and is a linear function of the 
radiation intensity level, R. 

From the foregoing, it is clear that 
by pulse trigger operation, the total 
potential counting rate is lowered at 
the tube by the duty factor wf. This 
feature, for all practical purposes, 
removes the tube’s saturation limita- 
tions in high-radiation fields. 


Choice of Trigger-Pulse Rate 


If the pulse-rate frequency, f, is held 


constant for a given sensitivity scale 
range, Eq. 3 may be rewritten in the 
form 


Af/f = F(R)w (4) 


From this expression it is apparent 
that Af will approach f asa limit. The 
left-hand member will, therefore, ap- 
proach unity, regardless of the choice 
that is made in f. 
capabilities under these circumstances 


The range-extension 


are then seen to reside entirely in the 
The 


becomes a 


choice made for pulse width, w. 
PRR 
matter to be determined by the statis- 
of the 
rather than one of 


value, f, therefore 


. 


tical accuracy requirements 
measurement data 
Furthermore, to pro- 
the 


suc- 


range extension. 


vide for complete recovery of 


counter-tube discharge between 
cessive counts, f must not exceed the 
rate prescribed by the reciprocal of the 
Other- 


wise, the discharge will be reignited by 


deionization or recovery time. 


the triggering pulse and it will be self- 
sustained at the trigger-pulse rate. 


Recent experiments with halogen- 
filled tubes, of the type BSI variety, 
have shown that normal counting oper- 
ation occurs for triggering intervals 
reduced to less than 10°% of the G-M 
tube deadtime. This very interesting 
phenomenon is worthy of further 


investigation. 


Choice of Pulse Width 


To examine further the influence of 
trigger pulse width, w, upon the range 
extension capabilities, it is necessary 
to rewrite the counting-rate function 
F(R) in Eq. 4. F(R) is the counting 
rate which the tube is capable of if 
operated normally so as to be con- 
tinuously sensitive to radiation. In 
the limit, the counting-rate capability 
the 
reciprocal of the tube deadtime period, 


would then be determined by 


or 
F\ Ryu } l ty (5) 


With the insertion of this limiting 
value in Eq. 4, this becomes 


Af f = w/ty (6) 
With than 


unity and the observation that this 


the choice of w/ty less 
quantity is the fraction of maximum 


counting-rate output available from 
triggered operation, which corresponds 
to a radiation field Ry.., then the sys- 
tem is capable of normal performance 
factor t,/w of this amount 
before saturation will occur. This will 


be marked by the left-hand term of the 


up to a 


equation becoming unity. 

If Ruax is then the strongest radiation 
field that a counter tube is capable of 
being used in with d-c operation, due 
to deadtime, ta, limitations, and if R, 
is the strongest radiation field which 
this same tube is capable of being used 
in under triggered conditions of opera- 
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FIG. 11. Tube 
overvoltages 


voltage 


tion, using a pulse of width w, 


follows that 


Ry = Rvuasta u 7 
The range-extension factor is clearly 
seen to be the ratio of the tube dead 
time to the triggering-pulse width. 
Equation 7 may also be seen to gener- 
ally the behavior of the 
experimental curve of Fig. 5 for the 
combined d-e and PRR operation. 


describe 


Large-Overvoliage Operation 
The use of a narrow trigger pulse for 
energizing a G-M_ tube 
discharge except by 
coincidence with an external ionizing 
This feature extends counter 


precludes 
gaseous pulse 
agency. 
operation far beyond the usual limita- 
tions imposed by the Geiger plateau 
region, to very high overvoltages 
The ultimate useful limitation of the 
impressed voltage under these cireum- 
stances is determined by the insulation 
capabilities of the tube 
rather than by restrictions imposed by 
properties of the gaseous vehicle itself. 


terminals 


Such counter operation projected into 
the realm of strong transient voltage 
fields introduces a number of poten- 
tially useful performance phenomena. 

Typical curves 
tained for a type BSI, halogen-filled 
G-M tube (Figs. 11 and 12) disclose 
several items of interest: 

1. Normal count-detection operation 
was limited by the voltage range of the 
available pulsing source rather than by 
the tube characteristics. 

2. The counting threshold for trig- 
gered operation is several hundred volts 
higher than for the corresponding d-c 
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performance ob- 


Scole x 333 
1.5-u sec pulse 
000 pps 
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Scale x 125 
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B00 
Voltage 


. 12. Charge per pulse vs voltage for high overvoltages 


This condition may be brought 
energy 
count pulse resulting from an acute 


about by a reduction in per 
reduction of the spread. of discharge— 
the latter being restrained by the brief 
duration of the impressed voltage. 

3. The charge per count pulse in- 
first linearly with 
But for operating voltages 
approximating three times the normal 
d-c G-M threshold value and beyond, 
the charge per pulse levels off and 


creases at over- 


voltage. 


becomes virtually independent of the 
tube voltage. This operation is best 
realized with the narrowest pulse used 
(1.5 psec). The pulse charge is seen 
It finally levels 


off after reaching a magnitude approxi- 


to grow in size at first. 


mately 104 times greater than is ob- 
tainable from conventional d-c opera- 
tion in the Geiger region. 

A closer examination of the char- 
acter of the discharge, in the region 
where leveling off of the pulse size 
occurs, has shown the light output of 
the tube to increase proportionately 
with voltage while the ionization cur- 
rent remains substantially constant in 
value. Over this realm of operation, 
increases in tube voltage seem to favor 
the excitation of light radiation with- 
out influencing the total ionization. 
Fluctuations in tube overvoltage are 
thereby converted to corresponding 
changes in light energy with little or 
no influence upon the ionization cur- 
rent. Although the curves (Figs. 11 
and 12) are shown as taken 
2,200 additional tests 
shown that the’ tube current was still 


out to 
volts, have 
independent of impressed voltage at 
5.300 volts. 


The removal of an upper voltage 
limit in the useful employment of 


counter tubes, aside from insulation 
requirements, permits high voltages to 
be utilized with the accompanying 
benefit of dealing with stronger charges 
If the trig- 


gering pulse is narrowed sufficiently, 


from each counter pulse. 


the tube voltage may be raised so that 
the 
region wherein the tube current be- 
the 
amplitude of the impressed voltage 


operation may be confined to 


comes largely independent of 
This characteristic may prove useful in 
instrument designs by either reducing 
or completely eliminating dependence 
calibration tube 


of instrument upon 


over-voltage. It also furnishes a basis 
for dispensing with the need for high- 
voltage stabilizers for counter tubes. 
Since triggered operation enables 
only one measurement count to occur 
for each triggering pulse, it becomes 
that 


inhibited from developing. 


Choice of Gas Filling 


The trigger-pulsing technique is not 


obvious spurious counts are 


critical with regard to the choice of 
filling gas used. Any pure gas, whether 
used alone or in combination with other 
gases and whether of monatomic or of 
found 
capable of performing as a radiation 

This latitude in the selection 
fillings further the 
desirability and potential usefulness of 


polyatomic structure, will be 
counter. 
of gas enhances 
triggered operation. 

Counter tubes of selfquench or non- 
selfquench characteristics may be used. 
Selfquench tubes offer the advantage 
of fast operation combined with mini- 
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mum ¢1 


thei 


reuit complications arising from 
inherently deionization 
The filling 
medium that does not deteriorate with 


rapid 


properties choice of a 


use, such as is obtainable from the use 
of halogen gases in combination with 


neon or argon (6), removes any upper 


limiting restriction on the overvoltage 


that may be beneficially employed. 


Operation may be thereby extended 


into the realm of constant-ionization 
currents, with ensuing advantages of 
maximum energy per tube count and 


greatest operational immunity from 


tube-voltage amplitude variations. 

The use of an organic or polyatomic 
apor for the filling medium imposes a 
cal upper limit upon the over- 
as deter- 


that be used, 


nined by reasonable tube-life expecta- 


may 


ions. This limitation arises by virtue 
of the dissociation that occurs in such 


1 gas, which varies directly with the 
intensity of the discharge current. 
Counters filled with a pure gas such 
as neon or argon are of the nonself- 
quenching but 
made to serve as satisfactory triggered 
Tubes of this type 
view of the filling-gas 
simplicity and the high order of 
stability that may be readily obtained 
therefrom. The pulse must 
not be reapplied, however, until com- 
plete deionization has taken place from 
the previous count. Otherwise the 
discharge will be sustained at the 
pulsing rate and the usefulness of the 
will be 


variety may also be 


counters. are 


desirable in 


trigger 


tube as a radiation counter 


destroved. As this process is slow in 
such a tube, the triggering rate must 
also be kept proportionately low. In 
a typical counter tube filled with either 


irgon or neon gas, for example, it was 
found necessary for the triggering rate 
| 15 pulses/see for 


to be Kept below 


normal counter operation to exist. 
Faster operation may be acquired and 
the deionization time may be hastened, 
however, by the use of a suitable d-c 
collecting field in combination with the 
triggering pulse, such as was done by 
? 


LOSS! 


Design Considerations 
Equation 3 is in a form that is useful 


for design applications. As stated 
therein, the total available counting 
rate, F(R), 
of the radiation intensity level, is scaled 
down by factors w (pulse width) and f 
(pulse-repetition rate) to a detectable 


rate, Af. 


expressed here as a function 


Consequently either or both 
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FIG. 14. Trigger-pulse operation of G-M 
tube with no excitation (a), low (b), medium 
(c), and high excitation (d) 














FIG. 15. Tube radiation 


intensity 


current vs 


of these parameters may be controlled 
so as to provide the desired amount of 
The pulse width is usually 
kept thus 
enabling an instrument’s scale range to 


scaling. 
most readily constant, 
be calibrated by adjustment of the 


pulse-repetition rate. 


Range Linearity 

The G-M tube operated from a pulse- 
triggering source may be made to per- 
form either as a linear or as a nonlinear 


radiation detector. Pulse-counting op- 


eration, as typified by Eq. 3, yields 
linear performance. Results obtained 
with this technique are shown in Fig. 
13; 4.7-usec-wide pulses at a rate of 
100 pps were detected with a BS2 tube. 

Where several decade levels of radia- 
tion intensity are required to be covered 
on one scale range, nonlinear perform- 
and seale become 


ance compression 


essential. This may be achieved in a 
device utilizing either tube current o1 
count-pulse amplitude as the measur- 
ing quantity. In both instances non- 
linearity arises by virtue of the inter- 
ruption of the discharge before it has 
had fully. 
The spread velocity of the discharge is 
of the order of 10° to 
This phenomenon yields an accumula- 


sufficient time to spread 


10’ em/see (5). 


tion of progressively smaller count 


pulses in unit time as the quantity 
Af /f in Eq. 3 approaches unity and as 
the saturation capabilities of this sort 
of device are approached. Discharges 
occurring near the leading edge of the 
trigger pulse will have the greatest 
time to spread and will thereby con- 
tribute a larger amplitude than those 
that are formed near the trailing edge. 
The gradation in pulse sizes that occur 
the 
may be seen in the oscillograms of Fig. 
14. Here a type-BS1 tube detected 
pulses of 800-volt amplitude, 5-psec 
width, and 500-pps rate, with no d-c 


over triggering-pulse pedestal 


voltage; markers were 1 psec apart. 
Control of the trigger-pulse shape 
furnishes a means for attaining a desired 
trigger 
pulse of long-rise and rapid-decay times 


amount of compression. <A 
will tend towards equalization of the 
amplitude distribution of count pulses 
that occur over the triggering interval, 
with a consequent trend towards linear 
performance. Conversely, a triggering 
pulse of rapid-rise and long-decay 
characteristics may be used to provide 
scale compression in the vicinity of 
field 
illustrates a compression characteristic 
obtained for a G-M 
instrument by utilizing tube-current 


This device covers sey 


strong operation. Figure 15 


triggered tube 


measurement. 
eral decades of intensity levels. 
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Radiochemistry 


Eleetronies Research 


By GEORGE H. MORRISON 


Radiochemical Laboratory 
Sylvania Electric Products Inc 
Bayside, New York 


MANY PROBLEMS of current interest to the elec- 
tronics industry, as typified by our research 
program, are concerned with the effect of minute 
amounts of impurities on the properties of various 
materials. The electrical behavior of semicon- 
ductors, for instance, is greatly dependent upon 
the presence or absence of extremely small amounts 
of certain elements. In the case of germanium, 
used in the construction of the transistor, it is im- 
portant to analyze quantitatively for one part of 
impurity in one hundred million parts of germanium. 
One of the few analytical methods operative in this 
concentration range is the use of radioactivity, 
which includes both activation analysis and tracer 
techniques. 

A typical application of the activation method is 
illustrated here by a study of the contribution of 
trace amounts of impurities by highly pure graphite 
boats and crucibles to germanium metal during 
melting at 1,000° C in a hydrogen atmosphere for 
1h 


5 hours. 
1 


he use of the tracer technique is illustrated by a 
study of the segregation of trace amounts of im- 
purities in germanium metal during a directional 
cooling process, in which the germanium is com- 
pletely melted and then progressively cooled from 
one end of the sample to the other. The use of 
autoradiography in combination with counting 
methods has proved to be a very valuable research 
tool. 

Fractional distillation and solvent extraction 
have also been studied here with tracers. These 
chemical separation processes, besides being of 
interest in work with germanium, are effeetive in 
preparation of radioactive compounds. 

* * + 


All photographs, including the cover of this issue, are by L. F 
Ankersen of Sylvania Electric Products Inc 


ACTIVATION ANALYSIS 
te al 


TO INVESTIGATE transfer of impurities to germanium metal 

during melting, miniature boat and crucible are irradiated 
in Brookhaven reactor to activate trace impurities. Container 
is °4 & 21x in. to fit reactor conveyor system. To aid radio- 
chemical analysis, nonradioactive graphite was previously ashed 
and spectrographically analyzed 


CHEMICAL SEPARATIONS and standard radiochemical 

techniques are used to separate impurity elements into 
different analytical groups and eventually to prepare individual 
samples in planchets for counting. Radioactive impurities 
leached from graphite are similarly analyzed 





TRACER STUDIES 


Y RADIOISOTOPES are used as tracers to study segregation of 

impurities by directional cooling of germanium metal. 
From aliquots of the isotopes, homogeneous mixtures of impuri- 
ties and germanium are prepared and subjected to directional 
cooling. Commercial remote handling device, modified to fit 
base of pipetting device for support, aids in preparation 
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LUCITE DRY BOX is used to confine radioactivity during 

powdering of graphite container and of germanium ingot 
produced in it. File is used to powder graphite, from which 
radioactive impurities are leached and then submitted to radio- 
chemical analysis. Tray-shaped paper covering in bottom of 
box is used to collect filings 


5 MEASUREMENT of impurity activity is accomplished by 

Geiger counting. Lead shield for counter was modified to 
reduce background count; new sample holder gives 2-in. lead 
shielding on all sides of sample. Impurity isotopes are identified 
by differential decay or absorption methods 


POWDERED GERMANIUM is dissolved and converted to 

germanium tetrachloride. Carrier solutions are added and 
germanium separated from impurities by distillation. Simple 
distillation apparatus has additional funnels for carriers and 
reagents, as well as take-off for tetrachloride. Lead bricks 
shield stillpot for impurities 


6 SCINTILLATION COUNTING is used when activity and energy 

of radiation make it advisable. Geiger and scintillation 
results indicate that over 10 elements transfer to the germanium 
from the graphite containers. Total per cent transfer is in the 
range of 2-4% 














GERMANIUM is completely melted, then progressively 

cooled from one end of sample to the other. Each impurity 
distributes between the solid and liquid metal in a different ratio. 
Radioautographs provide visual method of observing distribu- 
tion. Typical sample ingot is shown before (top) and after 
(bottom) directional cooling 
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9 INGOT is sliced with diamond wheel enclosed in dry box to 

confine activity. Slices of germanium are crushed, mounted 
for counting. Activity measurements identify impurities, are 
used to calculate distribution coefficients of impurity elements 
between liquid and solid germanium. This information is needed 
to improve purification 
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The Reactor as a Neutron Source 


Neutrons from a reactor are divided into three energy groups: 


fast, resonance, and thermal. 


The energy distribution, 


flux, and spatial distribution of the neutrons in each group is 


discussed here, and the fission spectrum is given 


By D. J. HUGHES 


Brookhaven National Laboratory, { pton, New York 


NEUTRONS FOR RESEARCH uses can be 
obtained with a wide energy range by 
using a reactor asa source. This arti- 
cle is concerned with the character- 
istics of the three main energy groups 
of neutrons available from research 


reactors. * 


Fast Neutrons 

In considering the neutrons in the 
pile with respect to their use in research, 
it is customary to divide them energy- 
wise into three groups: fast, resonance 
and thermal. These energy classifica- 
tions, in spite of their titles, refer 
rather to the manner in which the 
neutrons are obtained in the pile than 
to the nuclear reactions produced by 
them. The fast neutrons are those 
produced in fission that have not been 
moderated by collisions The reso- 
nance neutrons comprise the 1/2 
spectrum produced by moderation and 
they are usually considered to extend 
in energy from about 1 Mev down to 
1 ev.. The thermal neutrons have 
reached equilibrium with the graphite 
atoms and possess a Maxwellian dis 
tribution of velocities. 

In the simple form of finite-pile 
theory already discussed (1), the neu- 
trons were considered as if they were all 
of thermal energy. This one-group 

*From the forthcoming book, ‘Pile 
Neutron Research,”’ to be published in 
February, 1953, by Addison-Wesley Press 
Inc., Cambridge, Mass. 


30 


theory led to a simple pile equation 
whose solution for a rectangular pile 
showed that the neutrons would have 
a cosine distribution. 

A more accurate form of pile theory 
must take into account the fact that 
fission neutrons move an appreciable 
distance before becoming thermal. In 
discussing the infinite-pile lattice (eval- 
uation of k,,), the effect of fast neutrons 
is treated correctly by inclusion of the 
factor ¢€ for fission caused by fast neu- 
trons, and the factor p for absorption 
of resonance neutrons. In the case of 
the finite pile, this additional feature is 
included in an approximate way by 
changing L? to M? to allow for the 
migration of neutrons during modera- 
tion.f Fortunately, the spatial distri- 
bution of neutrons of all energies in an 
actual pile is given reasonably well by 
the solutions of the steady-state pile 
equation, which is just the one-group 
pile equation written in a way to in- 
clude the effect of fast neutrons. 

The reason for the similarity in be- 
havior of fast and thermal neutrons is 
that the thermal-neutron distribution 
determines the rate of fission in the 
uranium; as a result, the emission rate 
of fast fission neutrons will have the 
same distribution as the thermal neu- 
trons. As the fast neutrons are slowed 


down, they move over distances of the 


t In 1¢ steady state pile equation 


Symbols Used 


neutron energy 

thermal utilization 

number of collisions to reduce 
neutron energy to thermal 
reproduction factor for infinite 
lattice = nepf 

diffusion length 

migration area = L? +7 
number of nuclei per cm 
neutron density (cm *) 

neutron flux (cm~* sec ') 
resonance escape probability 
neutron slowing-down density 
slowing-down density at fission 
energy (about 2 Mev average 
slowing-down density just 
above thermal (0.4 ev) 

life of thermal neutrons in pile 
neutron velocity 

most probable velocity in Max- 
well distribution 

fast effect (effect on k of fis- 
sions caused by fast neutrons) 
average change in InZ per col- 
lision with moderator atom 
neutrons produced per thermal 
neutron absorbed in uranium 


: total path length 


scattering mecn free path 
transport mean free path 
absorption cross section 
scattering cross section 
thermal absorption cross section 
neutron age (mean-square slow- 
ing-down distance = 67 
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order of (6r)**, the root-mean-square 
slowing down distance, which for 
graphite (A and Aw ~ 3 cm, j ~ 100) 
s about 40 cm. Since this distance is 
small compared with the dimensions of 
the pile, the moderated neutrons as well 
as the fast neutrons follow approxi- 
mately the same distribution as the 
thermals. 

Outside the pile lattice itself, that is, 
n the reflector of the typical research 
reactor shown in Fig. 1, the distribu- 
tions of neutrons of various energies 
In the reflector there is 
no production of neutrons, hence the 


differ greatly. 


flux of neutrons of a particular energy, 
as we shall see, is determined by the 
transmission through graphite for that 
energy. 


Even 


neutrons 


before moderation, the fission 
exhibit 
range, from zero to at least 15 


an extremely wide 
energ) 
Mev. Early work on the upper limit 
of the energy spectrum indicated that 
no neutrons were present with energy 
higher than 6 Mev, but measurements 


of increased precision have pushed the 


upper limit much higher. 


The most accurate fission spectrum 

vn at the present time is given in 

The shape of this spectrum at 

gh energy was determined (2, 3) from 

he range of recoil protons produced in 
the 


protons were measured (4) in a hydro- 


1 counter: below 1 Mev, recoil 


The energy 


gen-filled cloud chamber. 
distributed is reproduced within experi- 


Vol. 11, No. 1 - January, 1953 


ZZ 
PA OOCCAPASS LE 


AVSLASOCSO 


mental error by the empirical formula 


N(E) = sinh (2E)e-# (1) 
where EF is in Mev. 

This consistent 
model in which the neutrons 
emitted, or “boil off,” from the highly 
excited fission fragments after they 
According to this 
neutron-energy 


formula is with a 


are 


separated. 
model, the 
distribution is that of the evaporated 
neutrons relative to the fission frag- 
ment, modified by the motion of the 


have 
observed 


fragment itself. 




















The fission spectrum 


Cross section of Brookhaven reactor showing features of importance for neutron research 


The neutrons of 


energy in the fission spectrum attain a 


any particular 
1/E energy distribution after colliding 
withthe moderator atoms. The actual 
energy distribution in the moderator 
will thus be a sum over many 1, F dis- 
tributions, each one extending up to a 
particular energy in the fission spec- 
Because of the 1/2 flux distri- 
low- 


trum. 


bution, there are more 
energy neutrons per unit energy than 
fast neutrons in the 
graphite of the pile. It is difficult to 


observe the effects of the fast neutrons 


many 


unmoderated 


alone in an experiment inside the pile 
lattice because of interference by the 
large flux of moderated neutrons. 

It is easy to see that the flux of fast 
neutrons (of all energies in the fission 
spectrum) near a uranium fuel rod is 
of the same order of magnitude as the 
thermal-neutron flux at the same point 
Most of the thermal neutrons hitting 
the uranium rod will be absorbed in it, 
and for each one so absorbed, ne—or 
will reappear as fast 
these fast 


1.36 neutrons (1) 
neutrons. The number of 
neutrons crossing a square centimeter 
the fast 
flux, will then be of the same order of 
The 


intensity of fast neutrons of a particu- 


at the surface of the rod, or 


magnitude as the thermal flux. 


lar energy drops off rapidly with dis- 
tance away from the uranium however, 
as given by the Gaussian distribution 
of neutrons from a point, 

The distance covered by the neutrons 
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in slowing down completely to thermal 
energy 1s than the 
(about 20 cm) between uranium rods; 


larger distance 
as we have just seen the mean-square 
distance is about 40 em. The number 
of thermal neutrons, on the other hand, 
actually increases with distance awa 

the 
absorption in the rod lowers the ther- 
mal flux for a distance of the order of a 
scattering mean free path around the 
these 


from uranium rod because the 


rod. As a result of spatial 
variations, the ratio of the flux of fast 
to thermal neutrons will decrease rap- 
idly as a function of distance from the 
uranium. 

Neglecting the finer details of th 
neutron distribution, e.g. the variation 
of the 


uranium rods, we thus see that the 


spacing of the 


last 


order of the 


neutrons show approximately the same 
broad distribution as the thermal neu- 
This 
lattice, is simply a cosine function for a 
rectangular pile, or a 
for a cylindrical pile, that goes to zero 


trons. distribution, within the 


Bessel function 


l 


one extrapolation length beyond the 


lattice boundary. In the reflector sun 
rounding the pile, the ratio of fast to 
thermal neutrons will differ markedly 
from its value within the pile lattice 
with dis- 

thermal 


will vary 


The 
through the 


and furthermore 
reflector 
diffuse 


reflector, decreasing exponentially wit! 


tance in the 


neutrons will 


a period, or “relaxation length,’’ equal 
to the diffusion length, in accordance 
with simple diffusion theory. 

The fast neutrons will decrease with 
distance in a much more complicated 
manner, based on a sum of Gaussian 
The de- 
crease of the fast neutrons is more rapid 
than that of the thermal neutrons, so 
the ratio of fast to thermal neutrons 


slowing-down distributions. 


will decrease rapidly with distance in 
the reflector. fast 
neutrons (those that have suffered no 


The unmoderated 


collisions) will decrease with distance 
z, in the moderator approximately as 
e~*/* where X is the scattering mean 
free path for the fast neutrons. If we 
take a value of 2 barns for the scatter- 
ing cross section in graphite for fast 
neutrons, and a density of 1.6, we 
obtain a mean free path of 6.2 em, 
which is much shorter than the diffu- 
sion length in graphite, which is 52 em 
The — slightly 


neutrons will 


(with og = 4.5 mb) 

moderated, but still fast, 
than the 
moderated neutrons, according to age 


theory, but still much more rapidly 
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decrease more slowly un- 


than the diffusing thermals in the 
reflector. 

As already mentioned, the fast fission 
neutrons found inside the pile lattice 
useful 


or in the reflector are not very 


for cross-section measurements  be- 


cause of the presence of resonance 
neutrons, which in general have much 
larger cross sections than the fast neu- 
trons. When fission neutrons are used 
for cross-section measurements they 
are usually created outside the pile to 
with resonance 


avoid contamination 


neutrons. A neutron ‘‘converter,” 


consisting of a plate of U? metal 
placed in a thermal flux, is usually used 


for this purpose, 


Resonance Neutrons 

The neutrons of intermediate energy 
those in the dF /E slowing-down spec- 
trum, are of great value for study of 
and are 


cross-section resonances, 


usually referred to as resonance 


neutrons.” Since the distance covered 
by a neutron in slowing down to the 
than the 


distance between uranium rods in the 


resonance region Is. larger 
pile, the resonance neutrons show less 
small-scale variation with position than 
either the 


both of which have a marked variation 


fast or thermal neutrons, 
of the order of the lattice spacing. 
They thus 


within the pile lattice close to the 


will exhibit a variation 
cosine or Bessel function predicted by 
the pile equation. 

The number of neutrons in the reso- 
nance spectrum relative to the number 
of thermal neutrons is conveniently 
expressed in terms of the lifetime of the 
The 


neutrons becoming thermal per second 


thermal neutrons. number of 
per cubic centimeter is given by q, the 
slowing-down density just above ther- 
mal. The thermal flux resulting from 
these neutrons is given by qAthermal, OF 
by quvto, where to is the lifetime of a 
thermal neutron. The relationship of 
the resonance flux to the slowing down 
density follows from moderation theory 
1) with go the number of fast neutrons 
that start the 
slowing down process, of which q 

We thus obtain 


per cubie centimeter 


qop reach thermal. 


resonance flux 


q dk 
ENo, E 


2 (nv), dE = (2) 
This shows that the ratio of slowing- 
density to 

ENa,, or 
Calculation of the slow- 


down resonance flux is 


determined by the slowing- 


down power. 


ing-down power shows that the ratio of 
resonance flux to qo, hence to fast flux, 
is about the same for a graphite as lor 
a deuterium pile, even though € is 
deuterium than for 


much higher for 


grapl ite, because the slowing-down 


power 1s about the same for the two 


moderators. Because of the adjust- 
ment of the thermal absorption to 


nt the ratio of the reso- 


attain a high k 
nance to the thermal flux, determined 
by the thermal lifetime, is also about 
the same for a graphite- and a deu- 
terium-moderated pile. 

\ convenient experimental method 
the ratio of 
the thermal to the resonance flux is 


the The 


cadmium ratio is defined as the ratio 


for the determination of 


based on cadmium ratio. 
of the neutron intensity, as recorded on 
some detector, to the intensity when 
the detector is surrounded by cadmium 
0.03 in. thick The 


bare detector responds to the resonance 


usually about 
plus the thermal flux; when surrounded 
with cadmium it responds only to the 
flux because the cadmium 
cover stops all the thermal neutrons 
to those neutrons 
than about 0.4 ev. 


flux to the 


resonance 


but is transparent 
ol energy greater 
The ratio of the thermal 
resonance flux in terms of the effect on 
the particular detector is then given by 
Thermal flux 

> led — 

Resonance flux 
Rea is the measured cadmium 
The 


observed is a function of the sensitivity 


where 


ratio. actual cadmium ratio 
of the detector to resonance and ther- 
mal neutrons, and does not lead to the 
true flux ratio unless this sensitivity is 
known. 

The most convenient detector with 


a known energy variation of sensi- 


tivity is a “‘1/v detector,” in which the 
sensitivity is inversely proportional to 
neutron velocity. The 
sponse of a 1/v detector will actually 


specific re- 


be proportional to the neutron density, 
than to nv, 
A foil of a material 


n, rather regardless of 
neutron velocity. 
having negligible resonance absorption 
will have a 1/v cross section, and hence 
can be used as a 1/v detector if it is 
sufficiently thin so that it 
modify the neutron flux during irradi- 
Thin foils of 
which have widely spaced resonances, 
such as B, Na, Al, would be 1/v de- 
Another type of 1/v detector 
ionization 


does not 


ation. light elements, 


tectors. 
is a boron-filled counter or 
amount of 


chamber, containing an 
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boron small enough so that no flux 
distortion takes place. 

The cadmium ratio, if measured with 
within the lattice of a 
graphite or deuterium pile, is about 33; 


in other 


a l/v detector 


words, the resonance flux as 
detected by a 1/2 
stitutes 


Instrument con- 
the total flux. 
The relationship between the true flux 


about 3% of 


ratio and the observed cadmium ratio 
of 33 can be easily evaluated from the 
(1). 
the detector, with thermal 


equations of moderation theory 
In general 
will have a 


cross section da, response 


to the thermal-neutron flux, (nv), pro- 
portional to (nv) nom, and a response to 
the resonance flux given by 


resonance response 


dE q - 
EB ENo, 0 kev 


In writing the last 


this 


it is assumed than Oo, is con- 


member of 
equation 
stant; on the other hand, the absorp- 
the 


even 


tion cross section. in “ resonance- 


absorption integral,”’ 


without 


resonances, Is 


Kg 3 


not constant. From 


e then obtain the general result 
s Thermal response 

Rea 
Resonance response 


NV) a Ou 


q, &No, & o,dE/E 
0.4 


will now evaluate for the 


ase of a Lv detector. 
ratio of ow, the cross section at 
to [ oak! KE can be easily 
12 detector 
1/(0.025)' 


I, ae E-}dE 


( 0.4 ) 
- 0.025 


result 


2.0 


5, together with the observed cadmium 


when substituted in Eq. 


shows 
that the ratio of thermal flux tog ENo, 
is 346 or 16 


» 
Eq. 2 


such as | 


ratio of 33 for a 1/v detector 


The quantity q/&No, is, 


Irom 


the flux in any log, energy 


inter) 2.72 ev, 100-272 ev, 
etc., hence the flux in each such region 
is ly, of the thermal flux. 


any energy 


The flux in 
10 ev, 100 


Eq. 2, just 


decade, as | 
1.000 ev, ete., is, by 
in LO 


16 or 149 of the thermal flux. 


We can check the experimental flux 
ratio of 16 by an approximate calcula- 
tion if we a thermal lifetime 


a velocity of 2,200 


assume 
of 1.4 K 10°? see, 
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FIG. 3. Energy distribution of pile neu- 
trons observed with a crystal spectrometer 

















FIG. 4. 
neutrons 


Maxwell distribution of thermal 


m/s, and a value of 0.058 for 


ENa, 


Thermal flux 
tesonance flux per log, interval 
qulg 2.2 X 10° K 1.4 X 10 
q/ &No 1 0.058 
17.8 


The agreement is very good, consider- 
ing the approximations in the theory 
underlying the calculated flux ratio. 
Because a 1 /v detector gives such a 
low response when covered with cad- 
mium compared to the uncovered case, 
it is more convenient to use a material 
possessing a 


prominent resonance, 


hence a cadmium ratio nearer unity, 
even though the interpretation in terms 
The 
cadmium-ratio meas- 
because of the 


l.44ev. The 


resonance integral for indium is 2,800 


of flux is more indirect. usual 


material used for 
urements is) indium 
prominent resonance at 


barns or 14.7 times the thermal cross 


section as compared to a Lv detector, 
for which the resonance integral is half 
the 
the peak value of the indium resonance 
is 30,000 barns, 


foil be extremely thin if it is desired to 


thermal cross section. 


Because 
it is necessary that the 


utilize the true value of the resonance 
integral. This precaution is necessary 
so that no self-protection (modification 
of the dE, E flux by the foil) will occur. 
As it is difficult to work with foils that 
sufficiently thin, thicker 
which must be calibrated, are 


are foils, 
usually 
used, The various experimental tech- 
niques that are involved in work with 
resonance absorption are discussed in 
Chapter 5 of the book. 
Resonance neutrons are usually used 
outside the pile, and to obtain high 
flux values, at experimental holes that 
are opened far into the pile lattice. 
The flux in such a beam, shown in Fig. 
1, is caleulated from the intensity at 
the 
emerge, and from the geometry of the 
For hole 10 & 
10 em is opened into the center of the 
Brookhaven pile the 
5 X 10", the resonance flux at 


a point outside the pile shield can be 


the surface from which neutrons 


hole. example, if a 


where thermal 
flux is 
easily estimated 


Assuming a ¢ ad- 


mium ratio of 33, the resonance flux 
per energy decade in the center of the 
pile will be 


ox 10" 


oa 10! em 
10 


The flux per energy decade in the beam 
at a point outside the pile, say 6 meters 
from the inner end of the hole, will be 


7.1 x 10" *« 10? 
lr & 36 & 108 


Loe * 10° em 


or, as a distribution 


l od 
2.30 
dE/E em? sec™ 


resonance flux 
2 6.9 & 10 


In an actual experiment, the count- 


ing rate obtained with a particular 


detector as a function of neutron 
energy, that is, the neutron spectrum 
as seen by the particular instrument, is 
the 


As an example, the 


of more significance than actual 
flux distribution. 
neutron spectrum as measured with the 
Brookhaven crystal spectrometer (4), 
is shown in Fig. 3. The neutron flux 
at the detector 


efficiency) per 


corrected for detector 


unit energy mterval ts 
plotted as a function of neutron energy. 


As the dE/E spectrum is modified by 
33 





the reflectivity of the «© 
tribution shown depart 
the d//KF flux distribution 
I -9 instead of & A} 
correction of the obser 
crystal reflectivity ear 
ever, for the reflecti 
known to vary as b 

the correction, 

actual flux 
with the dk KE 
theory 


distribution 


be haat or 


Thermal Neutrons 
When the 


equilibrium with the mod 


they will have the well 


neutron 


distribution (6) of 


tn 
dn 


vy V4 
where dn is the number of 
th 
The 


he most probable velocit 


‘ubie centimeter in 


lv at the velocity v 


velocity for which u(r) is an 
Fig. 4. The 


determined from the fact t] 


shown in Lite 
sponds to a kinetic enere 

k is Boltzmann’s con 
1Q- 
temperature of the distribution 


ergs per degree 


kT 


< wo 


1.648 


Iome 
to = (2k7'/m)' 


(? 


Thus the 
room temperature, 20° ¢ 1 be 


1.380 


1.675 


most probable 
2? POO 
m/s (actually 2,198) m ind ti 
velocity corresponds to 
0.0252 ev. 

The 
temperature 7’ are 
“RT 


average neutron kinetic ener 


neutrons im a «di 
sometinne 
to as neutron iltho 
('6kT per degree of freedom 

is the 
most probable velocity 


pond 


Therm 


tubulated as 


energy corre 


sections are usually 


sections for a velocity of 2,200 m 


although at times they are given for an 
of 0.0250 ev, a 
the 


sections. 


difference well 


energy 
error of most measured 
CTOSS The 
of the Maxwell distribution is 
than the most probable velocity, and 


within 
velocity 


nuverage 


greater 


integration of Iq. 7 shows that the 
average velocity is greater than the 
) 


most probable by the factor 2 
1.128. 


34 


\ RF Ol 
The root-mean-square velo ity 


corresponds 


to the average 


equal to \ ¢ 
well distribution gi 


elie 


I neutrons, 7”, as a tun 


rather than the flus 


bution, obtained b 


elocity, is 


probable flux, « tiunated 


flerentiation of eq. 9, is found at a 
corresponds 


) Yo Which 


vrenter tl i) the most 


robable 


wity dist 


elocity nh 

bution by al 

If a neutron beam is formed b 
reflector of 


thermal 


that opens into the 


nto the column 














FIG. 5. Thermal and resonance fluxes ob- 
served with |v detectors in reflector of 
Brookhaven reactor 


distribution in the beam will be given 


hq 9 because the beam flux ts pro- 


the 
eflective 


flux at neutron- 
The flux 
the flux distribu- 


portion il to the 


idating surtace, 

distribution, that ts, 
tion as seen by a particular detector, is 
obtained from Eq. 9 by multiplication 
sensitivity of the 
the detector 


such as a 


by the 
detector If 


particular 
has a l1/t 
sensitivity thin 
counter, then the distribution of count- 


boron 
neutron velocity will 
the Maxwell 
distribution of Eq. 7. 

The 
the thermal neutrons in the pile agrees 
well with the Maxwellian; those differ- 


rate versus 


ng 


again be velocity 


just 


actual velocity distribution of 


ences that do exist, as well as the ques- 
tion of the appropriate value of 7, are 


eonutamu 


t} 


in later sections of the book. 


most experiments involving ther- 


neutrons it is necessary to keep 
resonance neu- 


Although 


found at the 


ontamination ol 

OW 4S possible 
rest thermal) X IS 
high resonance 


that 


{ the 
tht 


lattice, the 


“lis some 


pornt re 
ition must usually be used as 
of thermal neutrons. 
ipromise between high intensit 
neutrons and low resonance 


ition must usually be made 


decrenst¢ ol resonance cCon- 


ition Is almost always associated 
therma flux In the 
pile (Fig. 1), for « 


vy NiiTn pie 
POTTING IS Trpiiide 1) 


| using the 
a souree thermal neu 
all slow-neutron experiments 
he exception of a few that are in- 
e to resonance neutrons 


rure 5 shows the behavior of the 


mee- and thermal-neutron flux in 
e reflector of the Brookhaven pile as 
The 
proportional countet 


that 


ensured witha | detector. 
ctor wasa BI 
is sufficiently thin so ho 
int sell-protection Was present. 
that the 


resonance 


decrease 


reflec tor 


with distance 


lattice 


Paplaly 
and 
the 


> the from the 


much slow], 
thus 
the lattice 

xpected to 


the 


thermals more 


imium ratio Improving with 


The cad- 
Increase 


reflector 


rie rom 
ratio is e 
tonically throug! 
show an unexpected 


the 


e curves 
ise in the cadmium ratio as 
approached 


r edge of the reflector is 


imination of the resonance and 


mal curves reveals that the reversal 
slope of the cadmium ratio results 
in the resonance flux 
This un- 


resonance 


Increase 

» of the reflector. 
behavior of the 
faust neutrons that 


the 


( aused by 
the 


ooling 


ik out ol center of pile 


hrough channels, stream 


long the 


auir-< 
finally 


the 


cooling gap and 
migrate into the outer region of 
reflector. The highest cadmium ratio 


is Obtained for a hole that opens about 


one foot into the reflector, and this 


hole depth is used for slow-neutron 


choppers and mirrors, for which a low 


resonance contamination is essential. 


The cadmium ratio at the best position 
is 3,000, which is about 100 times that 
for the center of the pile, and the ther- 
mal flux at that point is about 4 & 10! 
or 4 of the central flux 

higher than those 


Cadnuum ratios 
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n the reflector are found in ating surface will be much less than 
column, which is merely an nium : that at the pile center, and this de- 
f the reflector, usually about 100 — P sd crease will be only partially com- 
through the shield. As the | pensated by the fact that the radiating 
ve through the thermal ; surface is closer to the point just outside 
thermal flux decreases the shield where the neutrons are used. 
with a relaxation length r Thera ie For example, if the 10 & LO-cm hole is 
a |e decrease) slightly S opened 2 meters into the thermal col 
n the diffusion length. For © umn of the Argonne pile, at which point 
plane source the relaxation : the flux is 10, the flux at the outer end 
equal to the diffusion length, 6 , of the hole would be 
ve from the sides of the ther- > 
: 10 >” 102 
un decreases the relaxation 2.0 « 10 


(( \2 
newhat tr (200 


onance neutrons will decrease . The cadmium ratio for the beam 
ter than the thermals with 50,000) is much higher than that in the 


the column, and the cad- pile lattice (33) or the reflector (3,000 








tio will become extremely — 4 ‘ - : Kor certain experiments in which a 
the neutron intensity decreases, Out e in Therm lo er face high cadmium ratio is essential, this 
the low intensity in’ the eflector = rg thermal-column beam would be used 
conMims neutrons near the even though the flux is lower by a factor 
vay from the pile) of the FIG. 6, Distribution of thermal and = of 50) than that of a beam from the pile 

ire used only when an ex- resonance flux in the thermal column of lattinn  Silis 
the Argonne heavy-water reactor 











and cadmium ratios for 
gh cadmium ratio is needed other positions in the reflector and the 
experiments, an opening: is thermal column can be estimated from 
nto the thermal column to the curves of Figs. 5 and 6 
ghest thermal flux consistent scale in Fig. 6, and proportionately 
illowable resonance-neutron lower at points further from the pile BIBLIOGRAPHY 
nation, lattice. 
ilues as mensured (8) with The thermal flux in a beam is caleu 

m foil for the thermal column lated from the geometry of the exper 
Argonne heavy-water pile are mental hole in the same manner as the 
n Fig. 6. The eadmium ratio ¢Xxample given for the resonance flux 

is been corrected for the Thus a 10 * 10-em hole opened to the 
resonance absorption to give center of the Brookhaven pile will pro- 

um ratio for a 1/v detector. duce a thermal flux in a beam just 

ince flux, given by the acti- outside the pile shield, about 6 meters 
f the Cd-covered foil. decreases from the center of the pile, given by 


ately exponentially with a i 10 n 
») xm . 
ength of 13 em. 
tr ( HO0 
netrating fast neutrons, which ; 
em 

the resonance neutrons, have 

ng mean free path in graphite Bor the cane of m from the 
t S em (for ao, of 1.5 b, the 


thermal column IX the radi 


it 2-Mevyv neutron energy) and 


onance flux far from the neutron 


mula he expected to drop ott 





rapidly as the fast neutrons, 
observed 13-em relaxation CRITERIA OF TRACER METHODOLOGY 


reasonable. ee ‘ 
In successful tracer work, these seven criteria are the governing con- 


siderations: there can be no compromise among them: 
Radiochemical purity Avoid isotope effect 


hermal flux also decreases 
and its observed relaxa- 


300 em, Is less, because ol ‘ ° 
Single chemical state Avoid chemical effects 


Eliminate exchange error Avoid radiation effects 
Know the degree to which the tagged molecule remains intact 


ikage out the sides of the 
mal column, than the 50 ¢m 
the diffusion length) that 
obtain for an infinite column Yet in each experiment, three additional factors must be considered: 
value of the thermal flux is Economy of time and effort 
10" at the inner face of the Economy of radioactive material 
il column, the zero of the ordinate Desired degree of accuracy 
Among these factors, compromise is essential. 
ae listribution is calculated in AEC film, “The Radioisotope -Methodology’’ 


the book in connection with 


irements 
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A New Pulse-Analyzer Design 


A versatile basic design for pulse-height analyzers having narrow channel width, 


stability, and high speed has been developed. 


tubes. 


By C. W. JOHNSTONE 


Los Alamos Scientific Laborato 


single nad 


A NUMBER of new multi 
channel analyzers of original design are 
being used at Los Alamos to meet the 
increasing need for pulse-height ana- 
lyzers in the field of nuclear physics 
Varving in number of channels and 
they all 
design which has proved to be 
build 


1950, more than 12 new 


speed, stem from a bast 


versatile 
maintain 


multi 


and easy to and 
since 
channel analyzers, and even 


more 
single-channel units, have been built 

Some noteworthy features of the 
design are: 

1. The input pulses pass through a 
special amplifier section which serves 
a purpose similar to the Oak Ridge 
“window” amplifier (/ 


2. Also in 
Ridge emeuits 


common with the Ouk 


OBN6G tubes 
tively large bias differences are 


with rela 
used in 
the channel circuits for channel-width 
stability. 

3. The channel trigger circuits con 
sist of one-tube univibrators which are 
triggered through the 6BN6’ 

Although there are similarities be 
tween the Oak Ridge and Los Alamos 
circuits, there are also basic differences 
which result in considerable economy 


in the number of tubes in the circuits 


to be described. 

A description of some present-day 
applications of pulse-height analyzers 
discussion — of 


and an independent 


36 


design considerations has been given 


by Kelley (2 

Since the principles of operation of 
the single-channel and multichannel 
circuits are quite similar, the following 
discussion of the window amplifier and 
channel circuits applies, in the main, to 


both 


Window Amplifier 
\ block 


innel analyzer is shown in Fig. 1. 


] 
SIngie- 


diagram of the 
| 


Trigger circuit instabilities due to 


mechanical shock, temperature changes 
voltage 


iging, and variation in heate! 


re considered to be of the order of 
+().] volt 


quires two independent circuits for the 


However, a channel re- 
upper and lower bounds and, since they 
change in directions, 
than 
For +2° 
bias difference between 6BN6's should 
probably he about S-10 volts 


may Opposite 


more + (0.1 volt mav be expected. 


% channel-width stability, the 


Since most applications require chan- 


nels which are 


considerably narrower 
than 8 volts, a window amplifier is used 
Fig. 1 Thus, 1-volt 
ichieved with a window amplifier gain 


of S-10 


channels are 


and wider channels may be 
obtained either by reducing the gain o1 


The 


channel 


by increasing the bias difference. 


former means fol changing 


width is used in the multichannel cir- 


cuits, but the latter is more convenient 


The channel circuits use 6BN6 


A single- and a 10-channel analyzer based on the design are described 


in the case of the single channel 
analyze 

The behavior of the window ampli- 
her must meet 
ments It 


the extent of the 


some severe 


stable, 


require- 
must be linear for 
window, deliver a 


large output pulse, and operate in 


ba biased below-cutoff condition. Fur- 


thermore, it must not be adversely 
affected by input pulses which may be 
many times greater in amplitude than 
thie top ol the window. 

Another consideration has to do with 
l-volt 


channels set in the vicinity of 100 volts. 


large bias-to-window ratios, 1.e., 


In this case, only a few percent of the 


top of an input pulse is amplified, 


resulting in a rather narrow output 


pulse (Fig, 2). Certainly some restric- 


tions must be placed on input pulse 
shape 
Pulses 


the various shapes obtainable from the 


A and B in Fig. 2 are two of 
Los Alamos model-500 series of mer- 
cury-relay pulse generators used for 


and calibrating pulse-height 


inalyzers, 


testing 
The tops ol the two pulses 
differ 
although B is acceptable for 


shown donot much in 


width 


very 
analyzer calibration whereas A is not. 
lor different bias settings, covering an 
input pulse range of 10-100 volts, if no 
channel changes width by more than 
2% the 


calibration is considered 


ta ceptable. 
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eh ialelel 
wer 


FIG. 1. 


Block diagram of single-channel analyzer 


se A 


be as much 


channel-width varia- the top 2 
10% in 


cases because of limitations in 


lmiportant Appron mately 


us 9 Ol volts of input pulse, amplified, is re- 
the 
and it 
time of this top 


shorter than the 


quired to overcome the bias of 


sponse of the window ampli- — lowest-level trigger circuit 
tracking of the 
Probably the flatter 


the faster it may rise 


is poorel 


appears that the rise 
ults 2 volts should not be 


1 pulse rise time of the ndow amplifies 


veceptable, but it is felt that The input-pulse shape requirements 
ose to the practical limit are 
rise. The 10-9067 rise 


’ B is O36 usec compared 


generally fulfilled by ionization 


chamber pulses and sodium-iodide 


Faster 


scintillation pulses rising 


w-amplifier rise time of oportional counters 


pulses, fromsome p 
must remember fol 


the pulse that is 


Dut one Instance min require rise-time 


top of spoiling.” The necessat munimum 


Advantages of the New Design 


Positive input pulses are accepted over amplitude range of 3—103 
volts plus sum of channel widths 


Channel widths as narrow as | volt are stable to 
position is stable to about 


2%; channel 
0.2 volt over period of several days 


Width and position of channels may be quickly changed; no 
recalibration is necessary 


No pulse-stretching circuits are required 


Has negligible sensitivity to pulse shape over wide range of rise 
times 

Resolving time is about 4 ,sec, and can be less 

Gated operation is easily provided 

Design is simple and economical. A 10-channel analyzer with 
gating needs 37 tubes plus scalers and power supply 

No highly 
needed 


specialized or unusually expensive components are 
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pulse width need not limit the resolving 


time of the analyzers, for if delay-line 


shaped pulses are used sie pulse h’ ith 
Fig. 2) the over-all pulse width may be 


user At the 


consistent 


not much more than | 


other extreme operation 


with no recalibration has been obtained 
long us 


with input-pulse rise times as 


10 wsec, making a useful range of about 


a factor of 20 1n permissible rise times 


Circuit-wise, the window amplifier 


consists of a pair of cathode-coupled 
tetrodes a 


feedbuc k 


pentoce vith negative 


applied to the vrid of the 








ne ( 











FIG. 2 


Test-pulse shapes 





Chonne! 


calibrotion 


4 
Slope odjust [ 


Ok, ww 


Window amplifier for 


second by means of a cathode follower 


Figure 3 shows the window-amplifier 
elreuit for the 10-channel analyzer 
Pon this 


high-transeonductance tubs ire rer 


application harp-cutoff 


ommended For one of ix cl inne! 


6ATIG’s are 
channels, one may 
WE 418A’s, 


constant-current 


kor 10 or IS 
1O4A°s ma 
A 6V6 used 


adequate 
lise WI 
respective 

as oa 
common-cathode circuit 
grid current during large 
the 
through in the input tube 
the 
supplying the grid of the 


also vrid-cathode 


with constant-current = tube 
itter wi 
properly differentiated 
input pulses 

In the cathode 
though negative 


to the seeond tube. tl 


couples 
feedbune 
only 
also is benefited because 
considerably — ineresse 
Input impedance of the 
permitting the first tube to 
of nearly unity 1) 


feedback ratio, with suitable eh 


ina 
in the high frequeney compensation 
the amplifier gain is changed to provid 
different preset channe vicltl 
multichannel analyzer 

At low gain, the 


over-n nea 


quite good, but at a gain of 8 or 
well to assume that the fir 


of pulse is nonlinear Po 


38 





























10-channel analyzer 


nonlinear region of the amplifier, suffi 


erent 


used on the lowest-level 
the 


is switched with chan 


bins is 
rigger circuit In multichanne! 
eircuit this bias 


nel width and is 


made approximatels 


proportional to the window 


the 


amplifier 
rain so amount of wasted pulse 
constant as viewed from the 


The plate 


Input 


of the second tube 


Is CON 


nected to two diodes to mit the size 


of the output pulses One of these 


diodes conducts a few millins iperes in 
the quiescent condition For an out- 


rut pulse to appeal the Input-tube 


ulse current must exceed thi nount 
It might be argued that this diode cur 
rent represents wasted plate current 
justified by 


threshold stability and 


Put it reall 


improved 
ecu tion of thy 


extent of the nonlinea 


The « ithode followe el supplies 


dback may also be used as the out 


Ireult, 
| 


SeCOHE 


in the single-channe ( 
I 


stage 


n multichannel circuits 


ode follower is used as a buffer 


ustment of the trimmer 


con- 


in the feedback prath Is mace 


a clean, flat-topped, input test 


is available In the switehed 


reuit this adjustment is made 
etting for widest channels 
gain Fixed-padding capaci 
then chosen to give the best 


sient response lor the harrowel 


innel-width settings 


Trigger Circuits 


lirst 
properties of the 65BN6 should be 


stood in its 


the useful and perhaps unique 


application as a 
the 
ililie inhalVvzers 
As can be 
e grid current of a 6BN6, it Is 

to drive the No | grid posl- 


ampliier in singie- and 


} 


seen from a curve of the 


nee only a small amount of grid 


results. The plate current 
Irom zero to saturation value 


rrid moves through a region. of 

volts around zero. bias \s 
is 19 6BN6's are driven from i 
GOY6 cathode follower in the case 
thr IS-channel inalyzers The 
rids with the least 
150 volts 


ill effects 


bias are driven 


more than positive with no 
apparent 

Perl fact that 
current cut off by the 


flows to 


ips not obvious is the 

plate 
grid, a 
md grid accelerator). This 
the 


sizable current 


eurrent Is oo. { in eircuits 
| 
since a@ smatl 


cathode 


shown, and is of some use 
potentiometer in the circuit 
des enough bias iriation to act 
t channel-boundary adjustment 


necessary because of tube and 


ponent differences 
well shielded from 
No. | that there is essentially ho 
feedthrough The No } grid of the 
6BN6G is a cony 


to insert a 
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enient place 





Surplus 


+ + 

6. 3volts at 4.25 amperes $ Zun3es! | k 
+300 volts at 77ma 
50 volts at 36ma ; . re 


4} 


* 4 4 
SIN 4 
100} py 


} 
0 +0 Oi 
pf 


J6J6 4 bocce 


Note Set 7-45yyf capacitors 


fo generate 3-y sec pulses . -o- y \ oR | j J } gy : 
, Channel 
, “ t 
000% ou 
1 3ee 105 


. + 


150 volts 


FIG. 4. Single-channel pulse-height analyzer 


gate, for either coimeidence or anti- is obtained even when the duration of which is being used has proved to be 
coincidence purposes, since it is nearly — the lower-level pulse is about 1.4 times — very useful, although there are obvious 
e us the No. 1 grid in con- the duration of the upper-level pulse. limitations to this kind of a eireuit. 
plate current The useful In the absence of a blanking pulse from For instance, since only a small capaci 
6BN6's in this application ap- — the next higher circuit, a given negative tor connects the 6BN6 to the uni- 
to be about 1,500-2,000 hours. univibrator pulse is simply differen- vibrator, slowly rising input pulses 
636 univibrators are of the boot- tinted, to obtain a delaved positive conceivably can turn on the 6BN6 too 
iriet When triggered, more — pulse, which after amplification in a slowly to cause triggering. At_ the 
it flows through the normally- — biased-to-cutoff stage may be used to — other extreme, with input pulses which 
of the 636 Output pulses trigger a sealer are too narrow, unavoidable differences 
rity may be obtained The 6BN6-univibrator combination in’ the response of individual uni 
low impedance. Triggering vibrators will show up as poor tracking 

ce through a variable capaci- and cause changes in channel width 
so controls the pulse dura- : A very useful range of input-pulse 
the effective width of the = 5.15 Mev shapes lies between these two ex 
pulse is greater than the O volt tremes, however At the plate of the 
pulse duration, the latter 6BN6, the amplitude of pulse which 
stretched to a maximum ol - is just sufficient to trigger the um 
) times its normal duration Vibrator is remarkably consistent for 
the trigger circuits may con- ne Input pulses with rise times between a 
channels, there must q few tenths of a microsecond and several 
or anty olncidence 0 microseconds Pulse which have wide 
output of a given cir- ; enough tops for the window amplifier 
next higher cireuit is : also provide adequate triggering action 
This action is obtained In each analyzer, all univibrators are 
mixing negative pulses ol set for equal pulse duration ind these 

iplitudes from the upper- should be at least as great as the o 

el univibrators through a \ all rise time of the gnput pulse 


. 
mcitor respectiveis | analyzed If the best 


Cui 
! 


RC product, including f L 
should be about one- - = : ae 2 ek times be advisable to 
B° 90 


inal univibrator-pulse 95 vibrator pulse duration 


| is sought, it follows th 





id the upper-level-pulse SS AMPNITUGS (VONS 7 coincidence RC time con 
hosen to be twice that of FIG. 5. Spectrum of three alpha emitters different shapes of input 


fective canceling action taken with a channel width of 0.8 volt The multichannel « 
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Channel 
ric 


edge adjust 351k 


2 a 
t—s2apvaree 


( 
I2volts _ { +300 volts 


J~-surplus) 


$—$4¢—____. 


FOP 


Gate 
> 
hanne eage 
adjust (9-10) 
R, Rig approx 39¢ 
ww all should 
equal withint 2% 


Set 7-45 up 
capacitors for - _— — —— 
4 psec re 2¢-tube circuits same os above 
a 
‘ +250 volts 
+300 voits 
aie ° ————€o)Channel | 


oe 
312k 70 wut 10016 
TO 


‘ 
i2volts -i2volts 


FIG. 7. 


Block diagram of multichannel analyzer 


This tolerance could 


were not 


probably not be used to veneruate ibrator pulses 


pulses shorter than 8 psec, since below be considerably greater if it 


this 6OBNG's cannot easil 
trigger the univibrators 


value the the stretching effect of wide input 


However, at pulses, but it has proved to be 


the expense of extra current in the 6J6 ilequate nevertheless 


] 
} 


univibrators, obtained by using sn 


Single-Channel Analyzer 


la { 
plate and cathode resistors, satisfaetor 


operation can be obtained with pulse The first application at Los Alamos 


narrower than 3 usec, if desired. of the window-amplifier technique for 


A tolerance of about 10% is per obtaining stable, narrow channels was 


missible in the duration of the uni in a single-channel analyzer built in 


40 


quite 


1950.) Our original gain-of-10 window 
two Cu 
gative 


6BN6G's 


used us 


lifer used thode-coupled 


stages with me feedback 


‘ad of biased 


nium diodes were pickoff 


elements In the 


eourse of time 


several other window-amplifier circuits 


were tried betore the present eireurt 
is developed The Dimased ¢rvstals 
abandoned in’ favor of 


6BN6's to avoid difhi- 


some cry remain 


were soon 
temperature 
culties stal diodes 
in other parts of the cireuit but cause 
no trouble if the operating temperature 
is less than 50° ( Figure 4 is the 


schematic diagram of the 
reuit 

Phe position of the channel threshold 
is adjustable by a 10-turn 


which sets the 


present 


potenti- 


omete! bias for the 


amplifier By properly set- 


Window 


+ 


ting the zero and slope adjustments, 
the 10-turn dial reads directly between 
3 and 103 volts. Channel width is 
shown ona meter which indicates up to 
5 volts 

The gain of the amplifier nominally 
i factor of 10) may be varied by a 
potentiometer which acts as the adjust- 
width. 
adjust- 


in the cathode of 


ment for maximum channel 
The ninimum-channel-width 
ment potentiometer 
the upper-level 6BN6 compensates for 
individual tube and component differ- 
ences \ 


varies the 


dual which 
cathode 
O6BNG6 


the same sanode-to-cathode voltage Is 


potentiometer, 
voltage on the 
upper-level While) maintaining 
used for controlling channel width 

The channel output pulse is ampli- 
fied in a cathode-coupled stage and is 


vailable 


drive aun 


made a through a cathode 


follower to external scale! 
Pulses obtained from the upper-level 
circuit may be counted as surplus 

\ more elaborate and 


ion of the 


ersatile ver- 
single-channel analyzer has 
been built for use primarily as an alpha- 
This 


with a 


ergy analyzer equipment is 


used together recorde! which 


plots counting rate vs pulse height 
The bias potentiometer is geared to the 
chart-drive mechanism in the recorder, 
which takes 10 


Once started 


15 minutes for a com- 
plete scan. the device 


requires no attention since the bias 
oltage is plotted simultaneously by 
means of a second pen. The analyzer 
chassis includes a counting-rate circuit 
and a seale-of-100. The latter is useful 
when making a count on such a weak 
sample that the automatic-scan feature 


used. 
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cannot be 





inne 


in | 


width be chosen 


volt to 10 volts. 


may 
and 
f the scan mav be varied. 
record 
volt. 


from three separate 


an example or a 
i channel width of O.S 
obtained 
mitting samples in a chamber 
ounting geometry 
the 


suc- 


st one instance to date 


imnel analyzer has been 


icated 
itor, ) 


dup and used in an- 


Multichannel Analyzers 
Phe singlk 


stepping-stone 


channel circuit served as 
the 
multichannel 
been built 

Optional 


towards 
variety ol 
These have 
ind IS channels 
included the 
scales-of- 100 


register-reset 


choice of 
lO o1 for each 
motor-driven 

and an input-signal delay 
ften necessary for coincidence 
d be desirable, of course, 1f 
100 channels 
be made available in quantity, 
than IS 
inels have been attempted with the 
Actually, the 10- 
scales-of-100 are 


having 5O o1 


no units having more 


nt design (4 


units with 


channel 


the greatest demand. A large 


of information ean be obtained 


wt time with a 10-channel ana- 


vhen one has stable, high count- 
to slide 


because it Is easy 


from one position to the next. 
on of the window amplifier 


innel circuits has been de- 


e: the multichannel circuit 
3 and 6. 


ire given in Figs 


igram is given in Fig r and 


generator which is a part of 


channel analyzer, is shown 
Fig. S 


uunt-stop switeh in 


urge negative bias on the No. 3 
the 6BN6's to stop the action 
inalyzer The No. 1 grids of all 
6BN6G's receive the same amplitude 
se from the window amplifier, but 
for each 6BN6G differs by S or 9 

ts immediate neighbors, 
ill bias difference between the 


6BN6's is 
channel-width 


ist separately 


eacl set- 
it there is an adjustment of 
i, in the spread or sum ot all 

Fine adjustments for 
nnel boundary are made with 
potentiometers between 6BN6 


ind ground. 
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The 1S8-channel circuit is similar to 
the 10-channel ex ept for the use in the 
HISA’s, 
can develop an output pulse of about 
175 volts, 


1 
Of 


window amplifier of W1 which 


with a rise time of close to 


Mnret * 


Gating 

The gate generator shown in Fig. 8 
resembles the channe! trigger circuits, 
since it is made with a 6BN6 and 6J6 
Bias controlon the 6BN6 
dis- 


univibrator. 
with a calibrated 
dial which 


level in volts 


Is provided 


eriminator reads trigger 


+300 volts 


regulated Gate length 


ger the gate which ts set for coincidence 
The little 
greater 
the 
criminator dial should be set to a lower 


gute width should be a 


than the over-all rise time of 


input pulses, and the gate dis- 
value than the analvzer threshold dial 
When this the 
vated off the 


input pulse has passed, and a new gate 


channels are 


of the 


is done 


soon alter Perk 


cannot be generated until the tail of 
the input pulse has dropped well below 
the threshold of the first 
There the probability 


some false gates may be triggered 


channel. 
that 
but 


rethains 


a small percentage ol fulse gates is far 




















FIG. 8, 


Gate generator 


The gate may be used in the follow- 
Ing Ways 

1. When it is set for coincidence, the 
channel eireuits will not funetion unless 
the gate is triggered in coincidence with 
the 
gute pulses vo to the No. 3 grids of the 


analyzer input pulses. Positive 
6BN6's to overcome the negative bias 
which is applied in this case 

2. When it is set for anticoincidence, 
the operation is just the opposite of 1, 
and there is a negative gate and posi- 
tive bias on the No 

3. It 


This is beneficial in cases where long- 


3 grids 


may be used for self-gating. 


tailed input pulses must be used, and 
the noise level at the input is appre- 
clable. Tf no gating is used, occasional 
false triggering of channels may occur 
if the effective width of an input pulse 
is greater than the duration of the unt- 


hannels by 


the 


Vibrator pulses prevent 


triggering of the « noise 


analyzer input pulses are used to trig- 





less than false counts in the 


SeCTIOUS 
channels. 


Self-gating is unnecessary if allinput 


pulses, preferably delay-line shaped 


are of shorter duration than the chan 


nel univibrator pulses 


* * . 
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Low-Temperature Steam Power Cycles 
tor Water-Cooled Reactors 


LOW-TEMPERATURE saturated steam cycles are not used in 
combustion-fired power plants because superheated steam 
cycles at higher temperatures are more efficient. But, with 
By C. H. ROBBINS 


s regenerative heating to raise efficiency, they appear to be 
Alomiu Enerqy Research De partment 


Ol i hata te practical for use with nuclear reactors when the reactor 
iene Callas design seriously limits the available steam temperature 
Excess moisture in the turbine is a problem, but it can be 
avoided without loss of efficiency Methods for doing this 


and the choice of a saturated-steam cycle are considered 

















2. REDUCE MOISTURE that ippears when initially saturated steam 


expands through a turbine. Turbine efficiency decreases about 1% for each 
1% of moisture, Also, moisture erodes turbine blades; Westinghouse (private 
communication) estimates life expectancy of stellite-protected blades to be 
10 years for 12% moisture, 6 years for 15%, and possibly 3 years for IS 
Literature values for the maximum permissible moisture in the turbine 
exhaust are all near 12%. But expansion of 70-psia saturated steam results in 


12.6% moisture at a condenser pressure of 1!y in. Hg. At the higher pressures 











required for efficiency, the moisture content is even higher. 
REHEATING WITH BOILER STEAM after 
partial expansion can reduce moisture with- 
out impairing efficiency. Actually, effi- 
ciency can be increased (see G), but turbine 
at right without loss of efficiency exhaust moisture then increases to 12°, 


Turbine design cannot eliminate the moisture problem. At the expense of 
eycle efficiency, a higher condenser pressure, throttling the steam, o1 super- 


heating can. Fortunately, turbine moisture can be reduced by the methods 








«a INCREASE EFFICIENCY of the steam evele by using regenerative 


feed-water heating. Flow diagram for one stage of regeneration is shown at 
right in FPF. Each additional regenerative feed-water heater adds less to the 
efliciency of the evele, so an e¢ onomical number of heaters exists for an set of ee 
conditions. In conventional central power stations, not more than four or on RAAAAAAAAAAAAAAA Oe 

III 
five are used The steam for each suecessive stage is bled from the turbine Cecciomeeanenastaent J 
at a more advanced point 


If the temperature rise ol ! or coolant is large, regenerative feed 





| 
water heating might nece & reduced steam pressure to allow heut 5 


transfer from the reactor coo owest temperatures. The eycle with 
the optimum efficiency may be a compromise between the maximum pressure 
and the maximum amount of regeneration possible 

For a large central power station In which a water-cooled reactor fur 
the energy, a2 saturated steam cycle could be used, with a separator to reduce 


turbine moisture and four feed-water heaters to raise evcle eflicienc Based 








on calculations for a LOO.,000-kw reactor, with saturated steam generated at 


150 psia, it is estimated that the usable electri power would be 26,450 kw, less 


the amount required to pump the reactor coolant If 1,000 kw are sufficient 





REGENERATIVE FEED-WATER HEATING is 
most important improvement on Rankine 
for this, the net plant thermal efficiency will be 25.4%. cycle. One stage is shown here 
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1. DERIVE ENERGY from a heterogeneous reactor cooled by 


pressurized wate The reactor coolant generates steam in a heat 


inger, and the steam is used to produce electric powel How- 
scussion Is also applicable to other svstems 

heat transfer to occur between the reactor coolant and the steam 

er, a temperature difference must exist. The coolant tem- 

ixed by heat transfer requirements in the reactor and by 

ention; it can be considered to be less than the critical tem- 

705° F. 


he maximum steam temperature probably would be about 


Steam temperature must be lower; for the svstem 


im temperatures less than about 500° F and eondenser pres- 
ate than about ly Ith. Ife 59 I 
be one using saturated rather than superheated steam 


the most efficient steam 


1 


e maximum steam temperature is limited, super heating must 

plished at the expense of pressure, thus adversely affecting 

ncrency 

rmation of the superiority of the saturated steam evele in this 
s been obtained froma Moller chart with condition lines which 


oisture losses. 








s Reactor 


Boiler 














ndenser 














RANKINE CYCLE for deriving power from a water- 
cooled reactor is used with system shown. Cycle 
can use saturated or superheated steam. When 
steam is limited to a temperature less than 500° F, 
the saturated cycle is more efficient 
































REHEATING WITH REACTOR COOLANT 
after partial expansion is more efficient 
than using boiler steam. But radiation can 
seriously complicate piping and shielding, 
making use of steam preferable 


low-pressure turbines appears 


4. COMPARE «aturated and conventional steam power plants 
Efiiciet cul 


ntrol and regeneration, 


ves are shown in G for saturated steam plants with mots 
Curve Y is for four stages of regenera- 
rato} 
ison, a plant efficiency of 30-35% might be exper 
onal plant at best load, 400-600 psia, 7T00-S00° Fo and foun 
regeneration, About 156% of heat of combustion will be 
entional plant, but loss in boiler heated by reactor 
ven so, efficiency of low-temperature saturated 
always be lower than that of conventional plant 
However, with steam temperatures as low as 


vele efficiencies are still attractive for 


NI », 92, p. 57) has shown that lowest investment 
osts In conventional plants, exclusive of fuel, obtain 
mperatures of 600-S00° F. At 500° FF, both costs rise 
>the minimum; at 300° F, they rise about 500. On 
in, 486° EF, saturated steam plant ippears eco- 


but a 100 psia, 828° F plant appears dubious. 
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MOISTURE SEPARATOR between high and 
advan- 
tageous, since considerable gain in cycle 
efficiency can be obtained at small cost. 
Separator can remove 90‘, of moisture 


SUPERHEATING with conventional fuel can 
eliminate moisture and also raise efficiency. 
But plant will be complicated and the super- 
heater expensive because of the low heat- 
transfer coefficients needed 











328 382 


rresponding Sotura 











EFFICIENCY CURVES are lettered to correspond to 
flow diagrams, with Y for four regenerative stages 
plus separator, E for 800° F combustion superheat 
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Two Liquid Scintillation 
Neutron Detectors 


Neutrons can be detected efficiently by liquid scintillators containing borates. 


An 


efficient slow-neutron counter, now being tested, has a response time of 0.5 


usec and some 7-sensitivity. 


A design is suggested for a fast-neutron counter that is 


insensitive to Y-rays and slow neutrons and should have a response time of 5 musec 


By C. O. MUEHLHAUSE* and 
G. E. THOMAS, Jr. 
Argonne National Laboratory 


Chic ago, Lllinois 


AN IDEAL neutron detecto 
100% efficient, respond in a 4 
time, be insensitive to y-ray 
good energy resolution.+ Liquid sein 
tillation techniques have made possible 
the construction of detectors closel) 
approaching these characteristies (1 
The two counter designs which 
be described, one efficient for slow neu 
trons and the other for fast neutrot 
the first three ideal 
in the 


satisty characte! 


are deficient fourth 
do not, by 
However bot] 


of-flight 


istics but 
That is, 


measure the energs 


the themselves 
are suitable for use with time 
equipment 

To behave ideally, detecting mate 
high 
and low atomie number. They should 
nteraction 


rials must have itomic densit 
also have strong neutron 
resulting in a single measurable phys 
ical event of magnitude dependent on 
This event, a pulse of col 


light, should 


the energy 
lected 


many separate small events 


involve 
| 


produ 


ons oF 


tion of ton pairs or light quanta 


* Present Appress: Brook 
tional Laboratory, Upton, Nev 

t The list does not include all 
properties, such as neutron 
indication 
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The latter insures good energy resolu- 
tion since the resolution is proportional 
to the square root ol the multiplicity 


of the smaller events. 


Use of Liquid Media 


Since the photomultiplier and or- 
ganic scintillators used here respond in 
ibout 10°° sec, it was decided to trv to 


introduce a strong neutron absorber 
into a fluorescent organic medium with- 


An or- 


Wiis the 


out quenching the fluorescence 
yan compound ol boron 


natural choice since its neutron 
$4,016 barns 


capture 
cross section is very high 
at 0.0253 ev for B 


and cupture 


ults In an exothermi reaction \ ield- 


ing two energetic charged particles 


ei Het + 2.3 Mev 
93 ¢ 
( 

28 Mev 


Het 4 


* Li? + 


Furthermore, the atomic number of 
and the 
phvsical properties of some 


favorable It 


boron is low, chem il and 


ol its or- 
yank compounds are 
forms clear colorless liquids having a 
high transmission for visible and ultra- 
Che series of boron esters, e.g., tri- 


propyl, and butyl bo- 
added to a 


phenyl 5-mg/l-diphenylhexatriene solu- 


methyl, ethyl 


rates, when 3-gin/|-ter- 


tion in phenvleyclohexane, reduce the 
pulse height from either alpha particles 


or electrons only in proportion to the 


Paraffin 


«< --+ Boron 
cell 





+ Cadmium 


Paraffin 





(b) Distribution Test 


FIG. 1. Set-up for determining (a) y-ray 
response and (b) slow-neutron response with 
pile beam 
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FIG. 2. 


volt potential 


imount of dilution of the original fluo- 


) 


rescent material The boron esters 


ire effective inert material in’ the 
medium 

generalization of Kallmann’s for- 
the dependence ot pulse 
fluo- 


propel 


the concentration of 


rescent material with the 


ent concentration as a variable, is 
Ro + NCo) 

pulse height: \ inert-ma- 
1; Po, Qo, 
parameters for 
sand Co 


meentration ol 


ution factor, and 
Kallmann’s 
i.e., undiluted un- 
fluorescent 
formula is derived on the as- 
on that the internal-quenching 

of the proper solvent is 
than its self-quenching 
It is interesting that Kall- 
Ry > Qo is 
since it 


Therefore 


ientification of 
stent with the 
served that 4 « n. 
~Q 
The reduced height 


5G by the 


nanns 


above, 


pulse may be 


nereased addition of 
terphenv! and 


triene The 


more 


diphenylhexa- 
best terpheny! recipe to 
date equal volumes of methyl 
borate and phenyleyclohexane and for 
solubility to ~—10° C is 4 gm/I p- 
diphenylbenzene (terpheny1) and 8 mg /1 

better 
) 


employs 2,5-diphenyloxazole, 
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iphenyvlhexatriene A recipe 


which, 


Pulse-height distribution using p-diphenylbenzene, 900- 





FIG. 3. 
900-volt potential 


for equal volumes of methy! borate and 
phenyleyvelohexane and for solubility 
to ~—20° C, is 4 gm | 2,5-diphenyl- 
oxazole and 16 mg | diphenvlhexatri- 
The latter solution gives ~ 30% 
heights than does the 
soth 


ene, 
larger pulse 


first 


pared for use 


solutions 


with an RCA 


one were pre- 
DS1O 
photomultiplier 

Methyl borate is the preferred ester 
since, of the series, it has the greatest 
and the number of 


density smallest 


extraneous atoms 


Efficiency and Lifetime 


To date only 


boron (IS.SO% 
used. <A 
~2 in. in diameter and ~ 1 in 
scattered 


Argonne 


normal 


B'’) material has been 


counter 
] 


hong in the 
flux of the 


Integral count- 


was placed 
thermal-neutron 
heavy-water reactor 
ing rates were taken at sufficiently low 
all seintilla- 


tions occurring In the counter volume. 


bias to detect essentially 


A comparison of this counting rate was 


made with that of a thermal-neutron 


flux meter. Such a comparison was 


accurate but indicated an 


100%. 


far from 
Cadmium. differ- 
s taken to insure that 
the pulses were to be attributed to a 


efficiency 


ences were alw ii\ 


neutron effect. 

The efficiency should be limited only 
by the nuclear processes of scattering, 
moderation, and escape before capture. 
To measure this more accurately, two 
in diameter and 134 in. 


cells ] 34 In. 


Pulse-height 


distribution using 2,5-diphenyloxazole, 


long were prepared. In one of these 


equal volumes of phenyleyclohexane 
and ethyl aleohol were placed, and in 
the other, equal volumes of phenyl- 
evelohexane and methyl borate 

The cells were placed one at a time 
annular shaped 


A li¢-in.- 


diameter neutron beam from the pile 


in the center of an 


BF, neutron counter (4 


was then passed through the annulus 
and the rate of escape of neutrons from 
cell The 


contained so much seattering material 


each Wiis observed ut Ils 
that transmission through the cell was 


essentially zero. Counting rates were 
measured with and without cadmium 
in the beam. 

The cell containing no boron seat 
tered essentially all neutrons into the 
BF; counter and thereby gave 
ure of the total flux 


ing boron captured a large fraction of 


fh menus 
The cell contam 
the beam and allowed a smaller frac 


tion to eseape. A comparison ol 
counting rates from the two cells per- 
mitted 
The results obtained for the 


captured were thermal, 90% 


calculation of the efficiency 
fraction 
and epl- 
cadmium (those having energies above 
thermal), 60% 

It is difficult to 


estimate of the corresponding fractions 


make an accurate 


for enriched material, 1. e., an inerease 
in capture by a factor ~5 for the same 
one does sO 


scattering. If, however 


on the basis of a mean escape life, r,, 


the prob- 
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when no boron is present 








ability ol capture 
Here 7,, the 


boron, is inverse] 


mewn 


concentration of | 
the 


efhiciencies 


basis thermal! 

lor ¢ 

to be 
Thes 


funetions of 


calculated 
respectively 
course t} 
and of the shape and 

The mean life for neutron 
the energy region in 
for boron is operative 
enriched material is used 
if 


detection times ma 


normal material j 


at the saerifice of eff 


making the counter 








| 


»>Wis USCC 


distribu- 
+ 


resulting rsintegra 


In Figs. : nd oo are 


height distribution obtained and, 


a 
shown the 


peuIse 








desirable to use enriches 


capture in boron as pi FIG, 4, 


possible in the shortest po 


Gamma Sensitivity 


Though the counter 


terials of low atomic n those 


nificant response to 


Phe 
Compton effect | 


preset! 
periment and caleulatior 
to 


Oe 


be ~2&/gm/em n ah Counting 


interval necessary for detectio 0 counters 
ron-disintegration pulse 


An 


the figure 2% 


the 
nt p hown in | 


between 


actual experime 


vii cm 


Two counters were ompat ‘ ra 


scattered thermal beam counter’s rate 


Argonne heavv-water 


first 


uming Tour 


counte! contained { ( ih tron 


2 


VV ere 


|~ 
M 

j— 
iMs 

me a 


IM 


4h 


{\ 


iH 


Ss M 


4 


5819 Phot 





ryt er 
p 


FIG: 5. Cathode-follower circuit with delay line 
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with 
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cadmium in position, the fi 


te increased by 50% 


MT 


Cobalt-60 y-ray endpoint using + 
2,5-diphenyloxazole 


pulses 
bore 


Pom. i 


counter 


the diphenyloxazole-and-diphenylhexa- 


triene recipe given earlier, 


and withou 
and > 
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and 


cle creased to 
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7 


4 


pture y-ray 


relative ef 


consisted 


take! 
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rst counte! 


| comparison, the 


bution trom a plutonium a-particl 


Mi The latter was obtained b Vash- 


solution ol 


benzene 
the 
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re 
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KHOWD 
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Pulse-height selection for slow-neutron detection 
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Fig. 4), and the Co' 
seuled to the 


operating potential needed to 


Wiis 


he boron-disintegration pulses. 
that the 


eased in neutron capture was 


rison indicated 

fortieth as effective in pro- 
ght as the released 
In addition, this 
on the ay 10 to 15 
t emitted 


trons were 


energy 
etrons 
erage 
cr pet 
iptured 

surements were made with 
d acetone slush surrounding 
tule Under the 
this resulted in 


Without 


is ~ 104 cps 


operating 
inome count 


the 


cooing, 


Slow-Neutron Detection 
\Iost slow <100 kev) 


not 


de- 
the 
respond in less than 0.5 psee, 


neutron 
blems do require 
response is required, it can 


ed, but only with a propor- 


rifice in efficiency. In any 
nt the small pulse sizes of the sein- 

quid require three features in 
Vstein 


nf “ 
uunting s 


vuln and pulse 


‘ 
] 
am | 


ition, noise elimination, and 


‘ t ght collection 

Gain and pulse discrimination. A 
iltiplier such as the S819 is 

slow-neutron detection since 

require driving all pulses to 
e., to the 


pulse-height diserimina- 


sume size. 

it is worthwhile to reject 
yreater than a certain size. 
under the 
the distribu- 


is desirable to 


In operating 
prevailing lor 
vn in Fig. 3, it 
pulses only up to a bias level of 
In this way most Compton- 
lur- 


ons are not counted. 


to make sure that only an 
nt fraction of pulses is lost 
vy end of the distribution, it is 
to effect about a 5-mv sensi- 
the amplifier and to operate 
otube at a 


that 


sufficiently high 


essentially all boron- 
ition pulses are counted. 

ne shaping may also be ad- 
us as it results in a smaller and 
nstant The dead- 
ch does result should depend 


deadtime. 


i the relaxation time of the high- 

evel discriminator. * 
Noise Elimination. Thermal noise 
m the multiplier can be eliminated 
cooling the photomultiplier 


loving two photomultipliers 
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Cross section of coincidence-counter arrangement 
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Bokelite holder for 
photo tube 
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/ 
Brass bose plote 


Cross section of single-end-cooled counter 


in coincidence. Certain problems in 
which a low background rate is 
tant both techniques. 


Cooling the tube to ~ 10 Z 


Hmipor- 
Way require 
is sufli- 


de- 


mands on the resolving time of the co- 


cient and makes much simpler 
shows a 
National 
Laboratory for accomplishing this, 


Optics of Light Collection. 


incidence circuit. Figure 6 


scheme used at Argonne 


Coun- 
ters of Jarge volume have, in general, 
reduced pulse heights due to either 
internal attenuation or limited surface 
The latter effect is the 


Important factor, but the one 


reflectivity. 
more 
most readily overcome, 

To estimate the fraction, f, of light 
absorbed by a photomultiplier window 
cell 


reflection 


which looks at a large counter 


whose inside surface has a 


coefficient r, let us assume the light to 


he randomly 
tact 
the 


scattered 
with the surface of 
internal transmission 
mean cell dimension be 4 
ratio of the area of the 
total area of the insick 
Then f = ab;(l rhc 
if b 1 and a 0.1, 
then r must be 0.99 

The problem of reflection 


may he overcome b the use ol quartz 


cells coated on the outsicl vith \leQ) 
The reflection coethicient of thi 
rial is >().97. However, poli hed 


aluminum 61S is fair for 


mate 


mean dimensions ~10 em 


Figure 7 shows a simplified design of 
a quartz cell with two windows and two 
photomultiplier tubes in coincidence 
The cell MgO and 


placed in a deep-freeze operating at 


47 


was smoked with 












































Time 











channel 
anoly ser 
Smysec 

















FIG. 9. Double-pulse selection for fast-neutron detection 


iG <. A 5-in.-diameter hole was 
eut in the front face ol the deep freeze 


This 


neutron beam 


and patched with 28 aluminum 
provided entry for a 
The counting system is being tested 
with a resonance neutron time-of-flight 
apparatus functioning at the ANL 
heavy-water reactor 

Figure & is a simplified design 
single-ended system which was used at 
ANL in making most of the 


ments described in thi 


measure 


papel 


Boron Chemistry 


Since B!"is available from Oak Ridge 
National Laboratory on! 
it is necessary to 
B(OCHs)s. A reaction 


vield is necessary because 


cost of the material One 


’ 
promise is the following 


3NaOCH 

> 3Nak + [BOOCH 

+ CH,OH] + (C.H 

[B(OCHs)s + CH,OH H.SO, 
(H»SO, + CH,OH) BiOCH 


BF,(C.oH,;).0 4 
+ CHAOH 


where the brackets indicate an azeo- 


trope and the parentheses indicate 





TRICHINOSIS is a disease 


scopie parasitic worm 


through infected pork when the meat is insuffi- 
ciently cooked to kill any trichina larvae that 
Death ci 


may be present 


Cases 


Up to now, this disease has been controlled by 


four methods 


Hic ros¢ opi 


boiling of garbage fed to hogs, 


caused by a 


transmitted to humans 


inspection of 


a liquid layer immiscible 


B(OCH 


Fast-Neutron Detection 
The 


been tried to date 


following technique has not 
authors feel will be fruitful 

Double pulse. When fast neutrons 
medium such as the 


enter a borates 


two pulses separated in time by 
~0.5 psec should be detectable. The 
first pulse occurs in a time ~5 & 10 

see and is produced by a series of pro- 
tons recoiling from the elastic scatter- 
ing of neutrons by protons. The 
second pulse follows the first in a time 
result of neutron 
Thus the 


will respond in a time ~5 


~O0.5 psec and is a 


capture by boron. counter 
107% see 
(includes fluorescent lifetime), and the 
neutron can be identified as such by 
the appearance of the second pulse 
This permits discrimination against 
a high background of y-rays and slow 


neutrons. Such a counter would be 


useful as a high-speed’ detector ol last 

neutrons in a time-of-flight velocity- 

selection apparatus 
Noise elimination. A single-ended 


system is satisfactory. However, cool- 


but is one that the 


ing of the tube will again be required in 


orde! to reduce the chance rate ol 


double pulses. A problem more seri- 
ous than that of thermal noise mav be 
This 


overcome by 


the one of satellite pulsing (7 
problem can perhaps be 
selection of tubes 

Self-coincidence circuitry. If 5819 
tubes are employed, it will be necessary 
to limit all pulses which originate from 
more than ~3 cathode electrons to the 
same height. This may be done with 
i fast high-gain amplifier and ‘limiter. 
If, however, photomultiplier tubes 
having more than 10 dynodes are used, 
a proper saturated pulse may be ob- 
tained directly from the multiplier 

All pulses should be 


and 


rectangular in 


shape have a time duration 


~1.5 psec, 1. e., several mean capture 
lives. A simple gating circuit, as in 
Fig. 9 


should then receive the above output 


with a rise time of 20.1 psee 


and permit only coincidence pulses 


having a height between | and 2 units 


to pass The counter can be used in a 
fast time-of-flight apparatus for deter- 


mining the energies of the neutrons 


giving rise to the first short pulses of 
the Coin ent pairs 
~ am * 
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Radiation vs Trichinosis 


miuicro- 


occur In acute 


solve the problem 
Gould of the U. of Michigan, X-rays, 


and S. E. 
meat, Co! 


low temperature 


treatment of pork and pork products to kill the 
larvae, and sufficient cooking. But the meth- 
ods whose use can be insured by public health 
enforcement are e onomically impractical. 


Use of radiation to sterilize the larvae could 


According to H. J. Gomberg 


, or fission products could be used to irradi- 


ate whole pork carcasses at packing plants. 
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A High-Resolution Detector 
or High-Intensity Radiation 


Good resolution in the detection of high-intensity radiation is hard to obtain. 


The 


detector described here, an RCA C7154 coaxial phototube surrounded by scintillator, 


has a resolution of 2 x 10°" sec, and an output current linear with light input 


up to 20 amperes. 


By W. C. HALL 
B. M. HORTON 
J. W. KELLER 
and S. H. LIEBSON 


Electricity Division, 
Naval Research Laboratory, 
Washington, D.C. 


THE REQUIREMENT of good resolution 


in the measurement of high-intensity 


nuclear radiation imposes stringent 


standards on both detector and circuit. 
Scintillation detectors can be built to 
achieve the high resolution needed. 

\ partial solution to the problem 
has been found by Rossi and Staub (1) 
who chambers 


designed ionization 


which can be matched into transmis- 


ion lines for good high-frequency 


response and ose illoscope presentation. 
One disadvantage of this type of de- 
tector is that it funetions as an integrat- 


. , : 
device; consequentiy, for varying 


there is considerable difficulty 


Signals 


n analvzing the records. 


Vol. 11, No. 1 - January, 1953 


Light-generating sieeve 
of luminescent moterioal 


Glass envelope 


Anode mesh (wire cloth)-~ 


Photocothode 


FIG, 1. 


The scintillation detector described 
here overcomes this disadvantage for 
signals whose rate of intensity variation 
is small compared to the resolution of 
the detector 10-9 
It has designed for 
signal so that the 
amplifiers is eliminated 


about 2.5 x sec), 


also been large 
output need for 

Figure | shows a cross section of the 
scintillation detector It consists of a 


coaxial phototube with an opaque 
photocathode as center conductor and 
a mesh-ty pe anode as outer conductor. 
Surrounding this phototube is a eylin- 
drical sleeve of scintillating material 
heyond the 


which extends 


cathode 


photo- 


on each end to vive more 


Design and construction of the detector is discussed in detail 


Cross section of phototube and sleeve 


uniform illumination of the phote- 


cathode. Since the decay time of the 
organic scintillator is of the order of 
2.5 kK 10°® see, 


the phototube ure 


and the dimensions of 
approximately 30 
paths of 


the decay time ts 


em (corresponding to light 
less than 10 % sec) 
factor 


the major in determining the 


resolution of the detector 


Photocathode Light Collection 

The 
from the light produced by conversion 
to light 


sleeve of scintillating material 


scintillation detector operates 
in the 
If it is 
assumed that the distribution of light 


of gamma radiation 


radiated from the emission centers is 


49 





isotropic, the output it the inner surface can be obtained 
phototube can be found 

volume density of the gener 7 r}yt @ 

the geometry of the 

and the sensit 

These resu 


by experiments, ha 


tube 
cathode 


determining the optin 


phototube and einti 
The actual sensitivitic 

detectors were measured 
them to a calibrated sours 
but will not be repo: 
the compu 


the light 


raves, 
To simplify 
that 


throughout i 


ind h 
plotted 


In q. 4 the ratio 
pe thus f(a/b 


assumed only 
uniformly can be 
vatts per ivgainst the ratio a/b as shown in Fig. 3 


density ot p 
The light 
the volume element shown in 
is dl prd@drd For a ey 


} 


sleeve of thickness dr and unit 


with a powel 


Po obtain a value of light intensity, ® 


unit volume generated im 


i for given values of a and 6, one need 


lindrica onl determine the value of f a/b) from 
Fig. 3 and multiply this by the inne 
radius, a, and by the amount of light 


the amount of light i 
generated per unit volume, p. For 


l Zn i] : ’ ( sample I a 5) 
rdy 
r= JO=0 : salad 0.59) 


In an actual scintillator, the 


length 


and 1, ® 


amount 
s HSS ) his heg ’ ad \ 
It is now assumed that the generated of light volume 


light is 


venerated per unit 


light Is perfectly diffuse; no wil not be «a constant throughout 


and none is the | 


reflected from the surface light-generating sleeve because of 


absorbed within the erystal sleeve 
Then the fraction of that 


by Eq. 1 which passes inward through 


the absorption of gammas within the 
The 
phototube 


light given SLCC VE actual output ol the 


will depend upon some 


the inner surface is proportional to the iverage density of light generated 


angle which that surface subtends at within the sleeve 


r. This light is, for an infinitely long Since the light passing through the 


cylinder, inner surface of the luminescent sleeve 


aL 2p sin 


comes from all directions, it is essen- 
tially diffuse 


and from this the intensity of the light of how much light reaches the photo- 


'(a/r) rdr 
To simplify the problem 


Geometry of the light-generating sleeve 


FIG. 2. 


j 


it Is assumed 
etly diffuse I} 
iIndrical tube 
vard-bound 


! surlace whiel 


wathode is found to 


dis the diameter otf the photo 


ithode 


If end 


ime fraction 


this 
light 


neglected 


effects are 


for all the 


holds 


olng inward from the sleeve The 


total light, L. striking the eathode is 


2raz.P | 


$az,P sin 


yhere is the photocathode length. 


Output Current and Voltage 


If the sensitivity of the photosurface 


s y amperes per watt, the current, J, 
produced by the light, L, is / yL 
tyaz,P sin’! (d/2a), and using Kq. 


r ®, and neglecting end effects 
/ bya 2 


rhis is the 
photocurrent in 


pf a h sith 


express‘on for the total 
a long phototube in 
terms of the geometry of the phototube 
ind sleeve, the photosensitivity, and 
the light output of the luminescent 
sleeve 


The impedance, Z, 


intoZwhich the current flows is given 


characteristic 


4h 


+ +++4444+ 


Li iui 
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tii 


| 
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FIG. 4. Dependence of output voltage of coaxial phototube on The factor b in Eq. 11 
ratio of inner and outer diameters for D 2a 


Z 60 In()-d), where D is the — expression for output voltage, taking a jem, 2a DOSS. Substituting 


linmeter f the anode. Hence, the into account end effects, ts this value for 2a in | q. 10 and solving 
responding voltage is , ; graphically, it is found that, ford 1.5 
E 240F ya*z,pf(a/b 
[7 240ya*2z-pf(a/b) > sin ' (d) 2a) In (D/d) (9) 
sin7! (d/2a) In (D/d) (8) 


em, the maximum output voltage 

occurs When dD O.3S, which corre- 

J sponds to an impedance of 5S ohms 

Chis is the voltage which would be Optimum Impedance If the spacing between the inner 

veloped by a coaxial phototube in The characteristic impedance which — surface of the sleeve and the anode 

h end effects are negligible. To | gives maximum output voltage can be — is neglected, Le., assume D 2a, the 

re of the ease when end effeets found by maximizing Eq. 9 for varta- optimum condition is dD O39 

mportant, the factor F is intro- tion in d, which gives which corresponds to an impedance ol 
This factor is the ratio of the (d/2a) In (Dd 57 olims, 

flux emanating from a sleeve of The dependence of output voltage 

ength and. striking a photo- Vv! (d/2a)* sin d/za (10) on the ratio of inner and outer diam 

cathode to the light flux which would) and by determining the relation be- — eters, assuming D 2a, is shown in 

strike a photocathode of the same tween J) and 2a for a given size seintil- hig. 4. It can be seen that an imped 

ength if it were an infinitely long lator sleeve. The values of D and 2a — ance in the range 40-80 olims will give 

This faetor depends upon the — differ because of the thickness of the 95%, or more, of maximum output \ 

netry of the phototube and sur- glass wall of the phototube and the characteristic impedance of 50 ohms is 

yr sleeve, and can be any where spacing between the anode and the a good choice because it gives VOC) ol 

ange 0 <F <1. The final wall. For example, if D S5emand maximum possible output voltage and 

is easily matched to many commer 

Clally available coaxial transmission 


lines to avoid multiple reflections 





Space-Charge Effects 
It has been tacitly assumed that the 


current which flows in a phototube 
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_ depends only upon the light flux 
Spoce-charge-limited 
4| current in “ideal” diode 


| der conditions of high current, how- 


incident upon the photocathode Un- 





ever, the retarding effect of the space 





| 
} 
charge between cathode and anode 
> 

places an upper limit) upon this cur 





| a rent. The maximum current, 7, 


which can flow from any small seetion 

‘T Current in ‘ideal’ diode } : T (Emssion-limited region _ of the photocathode Is proportional to 
n which cathode 4) ‘\of practical diode 

emits 20 amperes |,7 | is tT mse 

xe | (8) | a. 


u“l —T f i= 
(C) | | | 
T Current in practical diode having nonuniform 
emission, geometry, and voltage | | | maximum current ts 
s A. + 
000 2,000 3000 4000 59000 Q zk 
Anode-to-Cathode Voitage (volts) ' 1.468 x 10 hy 
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Pi 


the %4-power of the voltage between 
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that section and the anode, just as for 
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any other similar diode. For long 
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concentric eviindrical conductors, this 
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FIG. 6. Current in coaxial diode where z length of conductors, E 
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anode-to-cathode voltage inode 


radius, and b a factor 


on the ratio of inner and 


ductors as shown in Fig. 5 
In the derivation of Eq 


assumed that: (a) the surf 


anode and cathode are equipotential 


surfaces, (b) there are no gas molecules 


(c) the emitted electrons have zero 


initial velocity, and (d) geomet 


perfect 
For a coaxial phototube wit 
and b 


20 ¢m, r 1.25 em 


l ] reduces to 
hs 


») 
curve A oin Fig. 6 


9 
giving 
“ideal” diode, having a uniform emi 
sion Of 20 amperes, the current would 


A and B in Fig 
sharp “knee” at the intersection of the 


follow Curves 6 with a 


two curves. In a practical diode 


however, the nonuniform emission 


over the cathode surface and other 
irregularities will bring about localized 
space-charge limitations with the re 
sult that the 


relationship somewhat 


will follow i 
like that of 


The exact relationship for a 


current 


curve €, 


particular diode would have to be 


determined experimental Uniform 
Hlumination of the photocathode and 
uniform photosensitivity are important 


when the photocurrent is to be emis 




















FIG, 7. 


ion-limited, which is desired when the 


output current is to he proportional 
to the incident light flux. 
The direct 


vyhether 


method of determining 
space-charge effects are im- 
portant in a particular diode is to vary 
the anode-to-cathode voltage while 
holding the emission current constant 
If the output 


current is independent of anode volt- 


it the desired value 


ge, emission limitation prevails 
Space charge also affects the transit 
tire 7. 


phototube 


of the photoelectrons in the 
Neglecting end effects and 
initial velocity of the electrons 


D — d)/2 


5.95 X 10? ~o/ EF 


where Fis the anode-to-cathode volt- 
age, D and d are 
ind A 


the space 


as defined in Fig. 1, 
isa factor which depends upon 
charge and the relative 
anode (3) 


$000 


liameters of cathode and 


For a ty 
olts 


pical tube, operated at 
transit time under space-charge- 
limited conditions is 1.4 1O-* see: 


with no space charge it is 1.0 * 10°9 see 


Scintillator Sleeve 


hor the design ol the sieeve it 
study the 


scintillators which could be used 


Wiis 


necessary to properties ol 


and 


the absorption of the generated light. 


nominal 


— Screen 


anode ,|6 mesh 


Photocothode 


—-—Lineor taper 





diameter Kovar pins, V4 
\/g outside glass 


0.050" 
total length, 


Cross section of C7154 coaxial phototube 


Characteristics of scintillators. A 


study Wiis 


/ 


made (4) of the properties 


ol crystal seintillators which could be 


{ 


of use for the luminescent sleeve 
Before the discovery of liquid fluors, it 
had been decided on the basis of 
temperature, time, and efficiency meas- 
urements that stilbene was the opti- 
little 


with 


varied very 


light 


mum crystal, and 


In decay time or output 
temperature changes over the range of 
temperatures to be expected Investi- 
gation of liquid fluors indicated even 
less varlation of their properties. Ac- 
used is a 


cording! the seintillaton 


mixture of 19% terpheny! (p-diphenyl- 
benzene) in toluene 
\leasurements (4) based on gamma- 


ri X-ray 


\ ielded al 


and ultraviolet excitation 
value ol 2.3 x 10% see tor 


the decay time of the scintillations 


assuming a decay law of the form 


e ©? The light output under con- 


stant gamma irradiation showed no 


with temperature = variation 


90 to +S0° C, 


change 
“rr the range of 
The 


scintillating 


characteristics of a 
difficult to 
the high inten- 


suturation 
material are 
determine because of 
sities at which saturation takes place. 
exposure of a sample of liquid fluor to 
a strong radioactive source caused a 


noticeable change in the quantum 


FIG. 8. The 
phototube 
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C7154 


coaxial 





FIG. 9. Exploded view of liquid container 
and phototube 


The total exposure Was 


that deterioration of fluorescent 
mat il should always be expected lol 


rh-intensity measurements 


Light 
sleeve. 
= vhich 


absorption in scintillator 
In addition to the geometrical 
affect the sensitivity, the 
light af- 
detector sensitivity in accord- 
The light 


itv of the organic scintillators 


ption of the generated 


sleeve thickness 


upon the wavelength of the 
» these scintillators emit a 
band of wavelengths, an 


rptivity which is repre- 
the entire emission band 
For light of one wavelength 
d by a thin slab of thickness 


ssible to use the approximation 


the transmitted intensity 
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socket 


Assembly of liquid container and 


of wavelength A, for which the absorp- 
tivity of the With a 


continuous distribution of wavelengths, 


Inaterial is @ 


bec oOmes 


the transmitted intensity 


Pp, [ Lydd(1 a 15) 


where @ is the weighted arithmetic 


> and / 


mean of the a is the weighting 
factor. By witl 
the effective absorptivit 


iq. 14, & is 
of the mate- 
rial for the whole polvchromatic beam. 
The effective 
obtained for '4% terphenyl in 


ibsorptivity, @, has 
been 
toluene The value found is 0.03 em 


Production Phototubes 
\ CTOSS 


phototube is shown in Fig. 7 


section of the production 
and a 
photograph in Fig. 8. The tube has a 
nickel-mesh anode and a photocathode 
with an S-4 surface on a nickel base. 
The envelope is ¢ 


A comparison of the transmission of 


" (yr 6 
orning Gilass 705-2 


FIG. 11. 
upright position 


Complete scintillation detector in 


the glass envelope with the emission 
of 19% terpheny! in toluene shows that 
livht 
output from this solution and therefore 


‘| he 


uverage photosensiti itv of 22 of the 


the glass envelope ittenuates the 


reduces the photor ell sensitivity 
first production phototubes, measured 


at the 3,650-A line of 
1.9 x 10 


mercuy Wis 
amperes per watt 

A liquid container and tube socket 
have been designed as a single unit to 
hold a rround the 


coaxial phototube ind te mateh it inte 


scintillating bicguiiel 


Coppel CONN ) An 


a 7y.-1n 


view is sho 


exploded 


an assembly drawing 

10. The complete detector w 
is shown in Fig. 11 
view of the socket 

The tapered 


been designe dito 


ection 


teristic impedance 


The phototube 





nated RCA type C7154 
tube was given tests to determine: (a 


Each photo- 


its ability to deliver a peak current of 
20 amperes into a 50-ohm line without 
space-charge limitation, (b) its abilit: 
periods 
sufficiently high 
effects ( 


to withstand,: for long 


anode voltage 
avoid = space-charge 
ability to furnish a high current pulse 
of several microseconds duration with 
out initiating a voltage breakdown 
In addition, several of the commercial 
phototubes have been tested mor 
extensively to determine whether the 
photocurrent is linearly related to the 


intensity of the incident light 


Variation in Sensitivity 

Since space-charge limitation in a 
diode depends upon variation in emis 
sion, an investigation of the variation 
of photosensitivity the 
of the photocathode of the RCA C7154 


phototubes was made by scanning the 


over surtace 


photocathode with a spot of light \ 
mercury vapor lamp with a combina 
tion of filters to isolate the 3,650-A line 
light The 


was chosen because it is 


Was used as a source 
3,650-A 


near the center of the emission spec 


trum of the scintillator material used 
® The results roughly confirmed the 
space-charge limitation effects 


Maximum Output Currents 
The peak of the current pulse from 


au type 935 phototube was plotted 


FIG. 12. 


Exploded view of tube socket 


igainst light intensity, and the linear 


relationship, with current densities as 
high as 0.1 ampere/cm?, demonstrated 
the feasibility of drawing 20 amperes 
from a 200-cm? photosurface. 

When the final C7154 model design 
was adopted, it was necessary to find 
the maximum current which could be 
$000 
elettrodes and a 50-ohm load in series 
the tube. By plotting Child’s 
aw for the the C7154 


and drawing a 50-ohm load line it ean 


delivered with volts across the 


with 
] 


geometry ol 
e seen that the maximum theoretical 
current that could be drawn would be 


about 27 “imperes with 1.000 volts on 


the svstem. The end effects and non- 
of the production photo- 


that at 4,000 


uniformity 


tubes such volts 


and 1S 


were 


amperes some space-charge 


effects were evident. Figure 13 gives 
a typical example of the space-charge 
limitation phenomena 

The tests performed on the C7154 
phototubes to determine space-charge 
effects were of two kinds. One method 
was to illuminate the tube with uniform 
light pulses of a given amplitude and 
vary the voltage on the phototube 
while readings were made of the pulse 
The 


was to apply a given voltage while the 


of photocurrent. other method 


light intensity was varied. Figure 14, 
a typical plot of photo-current versus 
light intensity, shows the phototube 
the 
space-charge effects are 

For C7154 
ceived, space-charge data similar to 
that of 
tube is operated at a voltage that estab- 


to be linear in region in which 
unimportant. 
every phototube — re- 


Fig. 13 were obtained. If a 
lishes the operating point just over the 
the 


the electrons 


knee ol the space-charge eurve, 


transit time of some of 
can be appreciable; therefore, to insure 
good response time, the voltage should 
be 1,000 volts above the voltage corre- 


sponding to the upper end of the knee 


Voltage Breakdown 


voltage breakdown 


One 


Two types ot 
a cis- 


in the cell: 


have been observed, Wiis 


charge across an insulator 








ent (amperes) 
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FIG. 13. 
tion coaxial phototubes 


Typical space-charge characteristics of produc- 





FIG. 14. 


Linearity of phototube exposed to high- 


intensity light flashes 
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found in nearly all the 


ymental models 
vn. This latter type of break- 
slightly 


peated breakdowns, but over a period 


Wiis a 


ys 
iis 


ould be improved by 


veeks the breakdown voltage was 


found to decrease 
The first type of breakdown occurred 
nly in the final production tubes. 
pe of breakdown consisted of a 
lown along a glass path, prob- 
to a deposit of cesium. <A 
typical tube would break down in this 
first at 5,000 volts, then at 
5,500, 6,500, 7.069. S000 


It seemed that after each 


fashion 
ibout and 
9 OOO volts 
breakdown there would be some sort 

clearing of the path so that the 
breakdown Was increased. 
None of 
C7154 experienced gas breakdowns; all 
the 


only a 


potential 
the production models of the 
breakdowns localized 
There 


which did not 


were type. 


were few phototubes 


clear themselves with 
repeated breakdowns and most of them 
became usable at 6,500 volts. 

Neither of the two types of break- 
down seemed to have damaged the 
yhotosensitivity 
the 


however, that many rapidly 


of the photosurface. 


! 
Because of heat generated, it ts 
probable 
recurring breakdowns would damage 
the photosurface. 

It was that both 
breakdown could be initiated by light 


flashes \ the dark 
withstand 7,000 volts without a break- 


found tvpes of 


tube in might 


down, but when a bright source of light 
was flashed upon the cell, a breakdown 
would take place from 10 to 100 psec 
the photocurrent associated 


following 


This 


reduced by re- 


flash 


also 


light 


Wiis 


the 


breakdow n 


with tvpe ol 
peated breakdown 
The 


chosen from those 


selected for were 
which did not break 


down at 6,500 volts with intense light 


tubes use 


pulses, even though a delaved break- 
down (10-100 wsee after the initiating 
light flash) would make it possible to 
use such a tube and still accurately 
record the initial part of a light flash 
the the 
phototube by increasing the diameter 
of the photocathode has the effect that 
voltage is required for a 
This 


of anode voltage lessens the problem 


Decreasing impedance of 


anode 


less 


fixed output voltage lowering 


of high-voltage breakdown. However, 
a 50-ohm characteristic impedance was 
the phototube to reduce 
the the 


chosen for 
reflections at connection to 


50-ohm transmission line, 


Fatigue of Photosurface 
It was determine 
whether the 


of the photocathode could be expected, 


necessary to 
any fatigue ol surtace 
since it is known that photosurfaces 
do suffer fatigue effects when operated 
This 


large 


at high levels for long periods. 
Was investigated by flashing a 
pulse of light of about 20 usec duration, 
and then, during this pulse, to flash 
still another pulse of | ysee duration, 
Under these conditions no fatigue was 
observed. 

The temperature dependence of the 
of the C7154 
factor that had to be investigated to 


response Was another 


determine the photosensitivity under 


different temperature conditions. To 


do this, the tube was set up ina cool 
room with light flashes being produced 
10 sec, 


Was 


every The amplitude of these 
flashes 
min as the temperature was raised from 
30 to 51°C. A 250-watt infrared heat 
with the the 
spectrum cut out by a sheet of 


recorded about every 10 


visible part of 
thin 
gelatin filter paper, was used for heat- 

The 
it thermocouple 
the the 
No significant change 
the 


during 


lamp, 


ing the photosur face tempera- 


ture was read with 


soldered directly to pins of 
photocathode. 
phototube 


the 


in pulse heights of 


output occurred entire 


experiment, 


Effect of Shield 


Since the phototubes are used sur- 


rounded by a metal can at ground 
potential, it was necessary to determine 
effect a shield 


electrodynamic characteristics of 


what metal has 
the 


the phototube. 


A copper screen was 
and 
potentials ranging from + 1,000 volts 
to — 1,000 volts were applied to it while 


Ww rapped around a phototube 


levels of were 


levels 


light pulses 
shield 


various 


observed. potential be- 


tween these apparent 


effect upon the pulse shape or pulse 


S1Ze. 
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Which 


THE COUNTING of carbon-14 may be 


iny of the standard methods 
ope, G-M counter, o1 


either the 


propor- 


inter with thin- 
the windowless ty pe 


energy of the C'* beta 
weight the 


rays 
the 


specific 


choice for 
counters if low 
measured,  Un- 
all ¢ 


ire be 
'4 work seems 


ol low-activity 


le prefer the more expen 
mplicated windowless coun- 
much to: be 


i though there 1s 
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Counter for Carbon-14? 


the 


counting set-up 


said tor less costly end-window 


For the price ol 
end-window 


one complex array, two 


set-ups may be obtained-—-one on 4 
standby basis for use during the periods 
of repair of the regular! 
But both 
counters have their loyal 


There is one difficult 


used instru- 


ment. Hwan types of 
supporters, 
that has been 


yindowless coun- 


othe 


experienced in using 
ters for barium carbonate or any 
sample maternal that is a poor electrical 
conductor. The samples tend to pick 
up a variable amount of charge both in 


storage and in the counting chamber. 


This produces a variation in the count 


measured at different times that ex- 
ceeds the normal statisties of counting. 
In addition, the charge build-up on the 
sumple in the counting chamber leads 
to counting rates that diminish with 
the length of time the sample is in the 
This can be combatted by 


adding graphite to the sample, spatter- 


chamber 
ing with metal, placing a coarse screen 
over the sample, and at least partially 
mounts, 


by the use of metallic s ripple 


DR 
Nuclea 


Samira, Oak Ridge Insti 
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EDTA Treatment 


of Internal 
Radioactive Contamination 


Tests with rats injected with yttrium-91 show that fission products 


can be removed from the body either before or after fixation by the bone. 


The work also suggests the feasibility of a prophylactic approach 


to preventing skeletal deposition of fission products 


By S. H. COHN, J. K. GONG, and M. C. FISHLER 


Clini al Rad obiology Bran h 


U.S. Naval Radiological Defense 


THE RADIOLOGICAL SAFETY Of a popu 


lation exposed to nuclear fission, 


whether in industry or warfare, in 
volves prevention of injuries resulting 
from the internal deposition of fission 
products and fissile material 

Of the 


fission, a considerable portion have a 


radioisotopes produced in 
long biological half-life and present a 
chronie toxicity hazard once they enter 
an organism. Strontium-S9,90, yt 
trium-91, certum-144 and zirconium-95 
The 


) he pre . 


are examples of these nuclides 
fissile material itself may als 
ent and, in the case of plutonium-239, 
has a much longer biological half-life 
than the nuclides mentioned 

the is 


ved from the 


On entering the body topes 
named are rapidly rem¢ 
blood stream, and those fractions not 
excreted are fixed almost entirely by 


the skeleton, They 
56 


remain in_ the 


B ological and Medical Sciences Division 


Laboratory, San Francisco, California 


skeleton for a long period ot time, since 
they at a 
rate and have a long half-life (7). 


are eliminated very slow 

The deposition of minute amounts 
of these radioactive materials in bone 
leads to serious pathological changes 
in the irradiated tissue and indirect 
changes elsewhere because ol the long 
period of irradiation to a localized area 
of bone and particularly to the radio- 
sensitive bone marrow. 

The problem, 
that of (1) 


deposited nuclides from the body as 


then, is essentially 


removing these internally 


rapidly as possible, inasmuch as there 
Is, At present, no proven way of coun- 
teracting their radiation effects, or (2 
if possible, preventing their deposition 
Studies on both parts of this problem 
ire reported here. 

Y°*!, in itself one of the important 


fission products . was selected for 





TABLE 1—Time Interval Between Na- 
EDTA and Ca-EDTA Administration 
After a Single Injection of Yttrium-91 


no treatment 
3 hi 
2 hr 
1 hu 
0 


en Sim iltaneous Vv) 


vi\ 
no treatment 
3 hr 
2 hr 
1 hn 
0 (given simultaneously 


no treatment 


Sacrifice 
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studies because it is a prototype 


of the inthanide rare earths which 


ite a considerable portion of the 
eld. Others have shown (3, 4, 


Y is removed rapidly from 


the blood stream on absorption from 
the lungs, gastro-intestinal tract, ete., 
and is then deposited chiefly in bone, 
where it has a biological half-life longer 


than 500 days (3 


REMOVAL OF BONE-DEPOSITED FISSION PRODUCT 


sical procedures for remov- 
such as the 
the 


designed to 


deposited radium 


ow calcium diet, and 

ol agents 
bone resorption (parathormone 
hloride and citrate), have 
little effect in 


lanthanide earths 


to have 


rare 


has reported an jn- 


xcretion and a consequent 


owered deposition of vttrium in bones 
rat following administration — of 


multiple Massive dose 


citrate, 


Injections ol 
the latte: 
starting 


zirconium when 
treatment 
one hour after intraperitoneal injection 


of Y? 


Foreman 


was administered 


in a recent study (8), em- 
ploved a chelating agent to accelerate 
the ex¢ radioelements from 
rats He 


ment 


retion ol 
reported a marked enhance- 
Y"' and 
P** following administration of calcium 
DTA 
acid) and 
The eal 


s} own 


Irinary exeretion. ot 
ethvlene diamine tetra acetic 
Fe-3 (a Versene complex). 
KDTA (Ca-EDTA) 


to exchange caleium for 


Huth has 
been 
other metals tn vivo, forming a soluble 
excreted chiefly in 


complex which is 


the urine (8, 9 tubin (10) reports 
that 
Ca-EDTA to a 


lead pois 


following the administration of 


patient having acute 


oning, clinical improvement 
ed along with an increase in 
the urinary This is 


the first clinical use of EK DTA 


WAS ODS@CI 
excretion of lead. 
probal 
metallic and 


emphasizes the fact that Ca-EDTA is 


In a case ol poisoning, 


apparently nontoxic to humans at a 


dose level 


use of Ca-E DTA has been 


ive considerable effect in 


therapeuti 


While the 


the exeretion§ of 
lead, the 


yttrium 


and source of 


als has never been shown 


be bone and in the cases 


probably comes in large part 


This 


in the instances when 


it tissues and blood. 
true 

other treatment was 
internal 
effect of the 


limited when 


hours after 


The 


ippears to be 
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these elements are deposited in bone. 

For the removal of bone-fixed nu- 
clides, more rigorous measures are ap- 
parently there- 
fore suggested the use of Ca-l. DTA and 
MDTA (Na-K DTA) to effect 
the removal of bone-deposited lead and 
other metals (10 In the 
ported here, the 
multiple injections of both Na-E DTA 
short 
DTA, was employed to bring about 


required Rubin has 
| 


sodium 


work re- 
tec hnique ol giving 
intervals, Ca- 


and, followed at 


the removal of bone-deposited yttrium 


Experiments 


Two experiments were performed, 


differing only in the with 
EDTA 


In each of 


Irequency 


which injections were given, 


these experiments 20 
Sprague-Dawley male rats (200 to 277 
gm in weight) were injected intraperi 


toneally with 25 we of carrier-free 


Y"'Cl;. 


were 


The animals in each 
then 
equal groups, one ol 
EDTA treatment for 


Y" and the other of which served as a 


experi- 


ment separated into two 
which underwent 


the removal of 


control, 

All the animals were placed in indi- 
vidual metabolism cages and fed ad lib 
period 

The 


metabolism cages were suspended in 


throughout the experimental 


with Purina Laboratory Chow. 
large glass jars which were lined with 
The bottoms of the 


coated paraffin to 


bags. 


plastic 
with 


cages 


were 
facilitate recovery of the excreta. All 
the excreta were collected in the bags 
then ashed directly, to 


against the 


which were 


insure loss of any radio 
activity, and to minimize the hazard to 
personnel in the preparation of excreta 
for analysis. 

After 
intraperitoneal injection of 
Y°"', the excretion of 


to a 


following 
rats 
ttrium dropped 
and the Y" re- 
maining In the animals can be assumed 


chiefly in the skele- 


a period of 14 days 
with 


minimum value 


to have been fixed 

ton 3, 4, 4, 6 
Experiment A. ‘This test consisted 

injection of 


EDTA (pH 


arious time inter- 


intraperitoneal 
tetrasodium 


8.4), followed at 


of a daily 


10 mg ot 


vals by the injection of 50 mg of 
calcium disodium EDTA (pH 7.4) 
Table 1 indicates the intervals used be- 
tween the EDTA injections 
Experiment B.  Thie 
administered 


}eiirs Of injec} 


tions were twice daily, 


with all other conditions the same 
In both experiments, the injections 
lavs during a two- 


this 


were given on eight 


week period During: two-week 
experimental period, the excreta were 
collected the both 
the treated and control groups Both 


sacrificed on 


from animals in 


groups of animals were 
the 29th dav post-Y¥" 

Both tibiae were removed from each 
alter 
Ivzed independently in the 

The 
muscle 

The 
ushed at 600° © 
and dissolved in 2.NV HC]! 
was made upto 25em and aliquots were 
taken for 


were then dried in metal cups 


injection 


animal suerifice and were ana 


following 
were cdlissected 


oor C 


ly mes 


dried at 


Inanner, 
free ol ane 


weighed tibine were then dry 


overnight, weighed 


The solution 


Samples 
and the 


ews 


radioactive assa\ 
radioactivity determined by 
eounter 
Radio 


Is expressed In per cent of a 


of oan end-window Creiger 


and standard sealing circuit 
netivity 
standard made up from the injection 
1iuiss 


solution. To compensate for 


absorption effects, an amount of ash 
equivalent to that found in the exper 
mental samples was added to the in 
jection standards 

In both experiments the excreta for 
each animal were collected and pooled 
at the end of the first 14 


period and 


dave (pre 
the 
post-treatment 


treatment again at 
end of the experiment 
period). The cages were then washed 
with dilute HC] for more complete re 
covery of the activity 

The excreta and washings were ashed 
and the 


made uptoa 


directly in the plastie bags 
ash dissolved in LN HC! 
and 


suitable volume an aliquot ana 


lyzed for radioactive content 


Results and Discussion 
TI iw 


followed by 


Na-E DTA 


whi h 


administration of 
Ca-E DTA to 


had been injected two weeks previoush 


ruts 


with tracer amounts of Y" caused a 


marked increase in the total exeretion 
of the Tables 2 and 3 
compared with the corresponding ex 
cretion of the controls. The table 
that the total exeretion of Y* 
for the pre-k DTA-treatment 
and the 


Isotope (see 


how 
mean 
2-week 
both the 


experimental animals in 


control 
both 


period in 


exper! 


57 








TABLE 2-— Distribution and Excretion of Yttrium-91 for Rats Treated Daily With Na-EDTA Followed by Ca-EDTA (Expt. A 


Final Tih U'nitst o ys o ys 
hody ity tibia 1d ; 4 ercreled excreted 
meight weigh gl P' tase per OY , an hefore EDTA ler EDTA 


s+ 


qm ( mn gram ash r tibial r 2x.9 lreatmentt freatmen 
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TABLE 3——Distribution and Excretion Rats Treated Twice Daily with Na-EDTA Followed by Ca-EDTA 
(Expt. B) 


Initial Fina om ys o% ys 
hody hody {verage om ys ercreted esreatedl 
weight weight my yr in before EDTA after EDI 


(qm qm per tibia skeleton § treatment treatment 


230 22: 230 208 2.12 2: 56.6 32.6 33.6 65.7 : > 10 
246 ‘ ; 33.1 10.6 57 < 10 


227 7 250 — 


met 


rs 


230 = = 25! 246 262 25 , : , 53.7 20.9 14.0 60 
237 8623: 235 244 y BY ‘ dl 10.3 51.3 44 
249 2 270 =178 585 17.3 0.5 32 
246 277 230 272 10.9 38.9 39.5 
229 2 248 261 10.3 0.0 39 
S 234 22 267 245 39.5 26.8 38 
9 231 2: 244 237 5.1 33.9 37 
10 231 24 248 238 25 202 ; 7 54.5 38.2 35 


0 -] =) 


= bt & tS 


f° 234 248 239 258 25 i — 55.8 39.4 38.8 


eo” 7 6.7 + 





°¢ control; X EDT A-treated; ¥ ! ( standard deviation 
+t King and Armstrong unit (mg phenol liberated from disodium pheny! phosphate in 30 min at 37° C and pH 10.1 


t Represents per cent of injected dose, adjusted to LOO recovery Actual recovered dose was 97.27) of injected dose 


§ Calculation based on ratio of total skeletal Y* content /tibia Y*' content 26.7 





ments was about 38% of the injected experiments reveals a marked decrease The mean ratio of total skeletal Y"! 
dose in the Y*! content of the tibiae of the content to the Y*! content of one tibia 
After treatment with the EDTA, the Kk DTA-treated animals. In experi- after intraperitoneal injection of Y° 


experimental animals in experiment A ment A, for example, the tibiae of the was found to be 26.7. This was de- 


excreted a mean of 17% of the injected treated animals contained a mean of — termined by experimental means, i.e 
YY") the controls only 4.5% In ex- L.S% of the injected dose, while the both tibiae and the remainder of the 
periment B, following twice-daily treat control animals averaged 2.3 % Thus, skeleton were analyzed separately. 
ments, the corresponding values aver in relative amounts, the tibiae of the An estimate of the amount of the Y® 
aged 16% for the treated animals, and treated animals had only about 76% in the whole skeleton can be obtained 
3.7% for the controls. is much Y*! as the control tibiae. from the amount found in the tibia 

Thus, analysis of the exereta for the After twice-daily treatment experi- by the use of this factor. The results 
2-week period of EDTA treatment ir nent B), the tibia of treated animals of this calculation are also shown in 
both experiments indicates xere- contained about 70% of the Y*! con- Tables 2and 3. In the control groups, 
tion of Y*' approximately four times — tent of the controls. The mean tibia t mean value of 59% of the injected 
greater for the treated animals tl Y*' content was not significantly dif- dose of Y*! was calculated to be present 
for the untreated controls ferent following twice-daily administra- in the whole skeleton 2 weeks afte: 

Examination of the tibiae from the — tion of the EDTA from that resulting Y* injection. This value is in good 
control and treated groups of bot! from once-daily treatment. agreement with the results of Hamilton 
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a retention of 638% 
under similar conditions 
The only other major organ in which 
the vttrium is stored is the liver, which 
contains about 1.5% of the injected 
dose at 29 days following intraperi- 


njeetion of Y*'. Muscle, which 
constitutes 45% of the body weight ol 


tones 
rats, contains about 2% of the injected 
alter 
ection, and only a fraction 


dose of vttrium 3 davs intra- 

imount is found at 29 davs after 
miection 

The nerve 


in the exe 


ised amount of Y*! found 
the EDTA-treated 
correlates quite closely with 
Y"' content. 
For example, in experiment A, the 
decrease in ¥ content of the skeleton 
of the ED TA-treated animals, in terms 
Y"' in the 


4s compared with their con- 


reta ol 
animais 
the de skeletal 


renseqd 


of the actual amount of 
skeleton 
trols, was 159% of the injected dose. 
The absolute increased Y*! content of 
the excreta of the treated rats over that 
of the controls was 13% of the injected 
dose In experiment B, the enhanced 
Y*! exeretion in absolute amounts was 
13% injected dose; 16% of the 
injected dose of Y*!' was apparently 
the skeleton of the 

Thus, in absolute 
quantities, the enhanced excretion of 
YY” from the 


for by the removal of the Y* 


the skeletal tissue. 


of the 
removed trom 
treated animals 
body appears to be 
accounted 
hxed py 

Tables 2 and 3 list the weight and 
leneth of the tibiae of the control and 
From the results 
the treated 
do not differ significantly from 
weight, tibia 
Thus, there 


© no significant decaleifiea- 


the treated animals. 
two experiments, 

IS in body 

tibin length 
«keleton resulting from ad- 
of Na-E DTA. — It is inter- 
note that the level in the tibia 


of the enzyme alkaline phosphatase, 
which is intimately related to 
metabolism, was not affected by EDTA 
treatment, as carried out in this study 


bone 


(see Table 2). 
The action of 
the 
Administration of the tetrasodium salt 
the blood 
calcium ion level through the forma- 
tion of the Ca-E DTA complex. This 
in turn, leads to a shift in the bone- 
blood calcium and nuclide equilibrium, 
resulting in the 
With the release of calcium from the 
release 


mav be 


the EDTA 


explained in following manner. 


results in a lowering of 


dissolution of bone. 
bone, there is a simultaneous 
the blood of the  bone-fixed 
yttrium. It is likely that both EDTA 
salts then the 
liberated yttrium in the blood and soft 
The injection of the Ca-EDTA 
probably acts as an adjuvant to the 
Na-EDTA by exchanging its calcium 
for the bone-liberated yttrium. An 
yttrium EDTA 
since the EDTA salts have a stronger 


into 


combine with bone- 


tissue. 


complex is formed 
affinity for yttrium than for calcium 
ions. This soluble complex is pre- 
sumably not metabolized by the body 
and is rapidly excreted in the urine. 
Thus, the effectiveness of the re- 
moval of bone-deposited Y*' by the 
Na-E DTA plus Ca-EDTA treatment 
probably the ability of the 
Na-EDTA to cause the dissolution of 
bone in and thus to make the 
bone-fixed Y* available to EDTA in 
the blood stream, where it is then com- 
The Na-E DTA 


that can be used is limited, however, as 


lies in 


vivo, 


plexed. amount ol 
large amounts have proved toxie to 
Ca-E DTA, on the other 


hand, is practically nontoxic to rats on 


rats (%). 
human beings so far as is known (8, 9, 
10). The combined use of both forms 
of EDTA, however 


results without apparent harm. 


produces effective 


2. PREVENTION OF FISSION-PRODUCT DEPOSITION 


stigation endeavored to de- 
the possibility of preventing 
leposition of nuclides in the skele- 
ts | treating them with Na- 


Ca-E DTA, either 


iftera Y% injection 


EDTA 


betore 


ed by 


Experiments 
adult 


rats were used: 


The 


experiments, 20 
naie 


ved as controls. 
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conditions for animal care, tissue re- 


moval, and excreta analysis were as 
described in the experiments in Part 1. 

Experiment C. ‘Treatment 
tiated hour after 
of Y*: 25 pe of ¥ us 
YC 


Was inl 
one administration 
‘ currier-lree 
were injected intraperitoneally 
After one hour, 10 
were Injected intraperitoneally with a 


Na-EDTA (pH 


S.4 This treatment was 


rats ruts 


solution of 10) mg 


followed 


at an interval of 15 minutes, by the 
injection of 50 mg of Ca-EDTA (pH 
7-4). 


ministered twice daily for 


The two injections were ad- 
three davs 
following injection of the Y"! 
A further 


wis 


part of this experiment 
that 
time at 


differing from 
just the 
which the administration of EDTA was 
started 
after Y"! 
Four 
mental and control group 
After 5 days, all 
Both tibiae were removed 


carried out, 


mentioned only in 
Intervals of 'y and 3 hours 


injection were employed. 


rats were used in each experi- 


the animals were 
sacrificed, 
and analyzed separately for their Y*! 
The 
of the carcass, and the skeleton were 
thei 
half of the experimental rats and half 


content. liver, muscle, remains 


analyzed = for radioactivity in 


of the control rats. The skeleton was 
separated from the carcass by boiling 
the animal in a strong soap solution 
for 90 minutes. All the tissues were 
dry ashed and made up to volume with 
2N HCl 


dried in a metal cup, and the radio- 


solution, An aliquot was 
activity determined as before. 
Experiment D. The salts of EDTA 
were administered before the injection 
of Y*' to prevent the deposition of the 
injected yttrium in the skeleton. An 
intraperitoneal injection of LO mg of Na- 
1O of a 
15 minutes later, 50 
mg of Ca-EDTA were injected. One 
hour after the injection of the KDTA 


#1 


EDTA was given to each of 
group of 20 rats; 


solutions, 25 we of Y*' were adminis- 
tered intraperitoneally to all 20 rats. 
The animals were then placed in indi- 
vidual metabolism cages and their 
excreta collected. 

In further tests, rats were pretreated 
with the salts of EDTA at time inter- 
of 16 and 38 before Y"! 


Four rats were used in each 


vals hours 
injection, 
experimental and control group. 

All the animals were sacrificed three 
the Y"! 
various tissues were removed for analy 


sis. At 


lated excreta of both experimental and 


days after injection of and 


the same time, the saccumu- 


control animals were analyzed for their 


radioactive content. 


Results and Discussion 
Table 4 


experiment ©, 


those results of 
total Y* 
the 
end of the 5-day experimental period 
29% of the the 
mean total excretion of LDTA- 
treated the in- 
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presents 
The 


the control 


mean 
excretion. ol group at 
W jected dose: 
the 


SO, ol 


Wiis 


animals was 





Thus the EDTA-treated 
animals excreted more than two and a \ 
half times the 
untreated 


jected dose, days pust-Y*!-injection, the mean total 


the skeletons of the 
the in- 


the skelet i 


content ol 


xereted by the control animals was 53% of 


ttrium ¢ 


ected 


t ue of the 


Therefore 
KE DTA-treated 
third of the ¥ 


controls during tl Cpe! dose 
mental period. 

Table 4 
alter 
of the 


“HnINaIS 


shows also ft] contained only one 


administration of } hia fixed by the controls 
I DTA-treated anim: ha \ 
y"! 


injected dose, as compared 


preliminary experiment on the 


0.67 ' of radioyttrium by the skeleton 
that, following intraperitoneal 
ection the ¥ 


reach its approximate maximum 


content of Iptuke 
showed 
for the controls. From ( rT concentration did not 
value 

Fig 
injection the ¥ 
UpPpPronti 
the iInjecte d dose 


estimate of the total 
tent of the animals w intil six hours after the injection 
the 


contained in the whole 


value of 26.7 a One hour after 


content of the skeleton was 


contained ino one. tibia 1 : ! } : of 





TABLE 4 ~~ Distribution and Excretion of Injected Yttrium-91 for Rats Treated with 
Both Na-EDTA and Ca-EDTA One Hour After Injection (Expt. C 


y? " , 7% Yin 


libia kelelony ( hin and n 





TABLE 5 Distribution and Excretion of Injected Yttrium-91 for Rats Pre 
with Both Na-EDTA and Ca-EDTA One Hour Prior to Injection (Expt. D 


23 
99 * 
0 


D4 


0.24 0O 





* All rats (Table 

t All rats (Table 5 
Cc control; X 

§ Calculation based on 1 
Represents per cent 


dose was 95.9°) of injeet 
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In the first 
EDTA treatment was 


injection, by 


part of experiment C 


begun one hour 
which time 


the injected dose must have 


heen deposited in the skeletal tissue 


is, the 50* in the yttrium 


LL DTA-treated 


n part from the 


o Ihcerease 


excretion. ol rats 
der! 
The re- 
\ excretion 
which had 
KDTA in 


eton 


Vas derived trom 


been rapidly complex 
the bl ine 


trium-L DTA so 
excreted 


ood 
Wiis 


from the bod and 


cOonse- 


quently was prevented trom being de- 


posited in the skeleton 


A similar interpretation may be ap- 


plied to sx hubert’s work / inh 
zirconium citrate 
removal of injected Y*! w 


after the 


which 
treatment for the 
is started one 


Here 


increased Y°' ex- 


nou! myection ilso, a 


large portion ol thie 


treatment 
other 


cretion alter zirconium Wiis 


robably derived from = sourees 


| 
than the skeleton 


Results of the 
DTA 
ind 3 hours after Y° 


2.** Itean be seen that 


experiments in which 


Was initiated , i, 


treatment 
Injection are pre- 
sented in Fig 


treatment started one-half how post 


Y"'-injection has apparently «a greater 
the skeletal Y*! 
started at 1 
While EDTA 


ulter 


lowering 
content than 
hour post-Y*!-injection 
treatment started 
tion of Y*! is 


effect in 
treatment 
3 hours iInjec- 
us effective as treat- 
the skeletal Y°! 
the EDTA- 
treated animals than in the correspond- 
ing Hence, the the 
EDTA treatment is started after the 
Y*' injection, the the 
final skeletal Y° 

Table 5 presents the results of experi- 
ment D, in which the EDTA was ad- 
ministered one hour prior to Y° 
The 
the EDTA pretreated groups amounted 


not 
ment started earlier, 
is significantly lower in 


controls. earlie! 


lower will be 


content. 


Injec- 


tion mean excretion of Y®* in 


to 95% ol the injected dose compared 


ith a 


mean of 25° in the 


Of the 7% of the 


control 
group injected dose 
of Y*! which remained in the body of 


kD TA-treated 


$7, was found in the skeleton, 


animals, approxi- 


( 


»remaining 3° in the blood and 


) value 
ge for all the 
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) 
'o 


e ¥2'/Skeleton 


< 


yn 





3 
9 





Doys Post-Y~-inyection 








| Control 


injected Dose y Skeleton 


interval of imal treatment with 


Ca-EDTA ond No-EDTA 


: 91 
Post-Y Injection 


anes 


Inyection 


40 40 








Uptake of injected yttrium-91 


soft tissues The control group, on the 


other hand, retained 75% of the in- 
two-thirds of which was 
found in the skeletal tissue. Thus, the 
rats with Na-EDTA and 
one injection olf each) one 
injection of Y*! 


then 


jer ted dose 


treatment ol 
Ca-E DTA 
hour prior to results 


hxing in 


skeletons of less 


than 10°) of the radioelement fixed by 


the skeletons of the untreated controls 
ith the period. 


sii tiie 


Results of experiments in’ which 
KDTA treatment was initiated 19, 1, 
before Y*! injection are 


) ** 


and 3 hours 
also presented in Fig. 

The concentrations of Na-EDTA 
Ca-E DTA the blood 


and soft tissues one hour after their ad- 


and present in 
ministration is apparently sufficiently 
high to complex’ the injected Y*! soon 
The 


then ex- 


after it reaches the blood stream. 
yttrium-E DTA 
creted from the body. As 
this treatment 
vttrium s 
before it can be fixed by the skeleton. 

This is in Part 1 of 
these studies in which removal of bone- 
fixed Y*! was effected by the salts of 
KDTA 


3. CONCLUSIONS 


complex is 
a result of 
most of the injected 
removed from the body 


contrast to 


The following conclusions may be 
drawn from the two parts of this study. 
The possibility of effect- 


val of substantial amounts of 


Removal. 
Ing remo 
the fission product Y* has been shown, 
using treatment with Na-E DTA fol- 
lowed by Ca-E DTA. Doubling the 
this treatment re- 


daily frequency of 


sulted in no significant Increase in the 


al of the isotope from bone. 
Prevention. Administration of Na- 


EDTA, followed by Ca-EDTA starting 
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remo 


by the skeleton FIG. 2. 


Skeletal cofftentration of injected yttrium-91 in rats 


posttreated and pretreated with Na-EDTA and Ca-EDTA 


hour after Y*! results, 
after 5 days, in a skeletal Y*! 


which 


one injection 
content 
in the treated animals is only 
one-third that in the skeletons of the 
The sooner the EDTA salts 


Y*' injee- 


controls, 
are administered following 
tion, the lower will be the final skeletal 
Y*' content 

Action of EDTA salts 
fold: (1) By rapidly complexing the Y*! 
present in the blood and soft 
the EDTA greatly 
tion of the yttrium-E DTA complex) 
the Y* available for deposition in the 
skeleton; (2) the EDTA brings about 
removal of the Y"! 
fixed by the skeleton 

The advantage of administering the 
EDTA early is shown by its marked 


effect when given immediately (while a 


here is two- 
tissues, 


reduces by excre- 


part of already 


large part otf the dose of the radioiso- 
tope is in the soft tissues and blood), as 
compared with its effect when admin- 
istered 3 hours after injection when the 
Y*' is largely fixed by the skeleton. 
Administration of Na-E DTA fol- 
lowed by Ca-E DTA one hour prior to 
the injection of Y*' results, 3 days after 
the Y* injection, in an yttrium con- 
centration in the skeleton of the pre- 
7% that found 
Short- 


inter- 


treated animals of only 
in the skeletons of the controls 
the EDTA 


val from 1 to '¢ 


pretreatment 
prior to Y*! 
effect. in 
preventing the skeletal deposition of 


ening 
hour 
injection gives no enhanced 
Significant low- 
Y*' content 
obtained also when pretreatment with 
both Na-EDTA 
and Ca-E DTA 3 hours 
before Y*®! this 
effect was not as marked as that pro- 


the injected yttrium 
ering of the skeletal was 
single injections of 

were given 
injection, although 


duced by pretreatment 1 hour before 


the yttrium injection 


The action of the salts of EDTA here 
is to complex rapidly the Y°! in the 
blood, 
creted, 


This yttrium complex is ex- 
the 


available for deposition in bone 


and thus yttrium is not 
:xperiment D suggests the feasibil- 
the 


use of prophylactic measures to pre- 


itv of a preventive approach, 1.e 
vent the deposition of fission products 
even 
like 
that 
within | 


if exposure is contemplated, ot 


during prolonged exposure In 


experiment C indicates 


MDTA 


utter 


manner, 


starting treatment 


hour exposure to radioyvttrium 


can effectively reduce the internal radi- 
ation hazard. 


* * * 


The OPINIONS O assertions contained herein 
are the private ones of the authors and are not 
to be reflecting the 


Varal 


construed as official o 


Navy Department or the 
Service at large 


views of the 


The authors wish to acknowledge the advice 
and assistance of J. Thatcher and the technical 
Voon 


assistance of PI 
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There is considerable debate 





today on the type of reactor that 





should be used for producing 











electric power. Here is one 


opinion on multipurpose reactors 








Piutonium Cost (orbit rary units) 
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Annual Fixed Chorge Rote (%,) 


Effect of fixed-charge rate on the plutonium cost 


The Role of Multipurpose Reactors 


By CHAUNCEY STARR 


Director, Atomic Eneray Re 


UseruL POWER generated through the 
nuclear fission process has alwavs been 
one of the goals of the atomic energy 


trical power 


generation of such ele¢ 


involves not only the 


problems of technical feasibility, but 


also economic and policy problems 


associated with the existence of com 
petitive power sources. The value of 


nonmilitary power generated in such 


plants will be determined by competi 
tive economic factors and the long- 
range utilization of national resources 
little doubt at the 


present time as to the basic technical 


There is very 
feasibility of generating central-station 
electrical power from atomic energy 

Although the 


problems associated with such plants 


practical engineering 
are many, novel, and frequently diffi- 
cult, they are in the main susceptible 
to solution by the ingenious application 
of existing techniques and the results 
to be expected from well-defined de 
However, to 


velopment programs 


make central station atomic plants 


economically competitive with eon 
° W aI Zinn Basi 

tral-station nuclear power 
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earch Department 


Downey, California 


ventional plants, and to utilize ou 


national resources fully, a considerable 
imount of bold engineering lies ahead 

It is of interest, therefore, to examine 
the constraints imposed this 
field by the 


Because there exists today 


upon 
engineering economic 
problems 
no atomic powel industry or any large 
body of unclassified information which 
would permit accurate projections into 
the future, such an examination must 
necessarily be approached with many 
Nevertheless, the 


neither so complicated nor so 


reservations sub 
ject is 
vague as to prevent a judicious evalua- 


tion of future trends and probabilities 


Military Economy 


When the 
material is the 


military requirement of 


weapons paramount 
objective of an atomic energy program 
the nuclear reactors must be operated 
so that 


minimum 


plutonium is produced at a 
cost. It has 
obvious that if 


alway s been 


the energy associated 


with the operation of the reactor could 
he converted into electrical power, suc h 
multipurpose units might be a national 


usset There is always a question 


under such circumstances of whether 


the necessary technological changes to 
produce by-product useful power will 
ictually increase the cost of plutonium 
production to more than the return 
from the sale of power 

this situation in- 


only the 


The economics of 


volves not technical per- 
formance of such multipurpose plants, 
but also the financing 


The 


graph on this page illustrates a typical 


nature of the 


associated with these plants. 


situation for a multipurpose reactor 
which can be operated either for the 
production of plutonium only, or can 
be altered to produce useful electrical 
In this graph, plutonium costs 


plotted 


powell 


on an arbitrary seale are 


igainst the annual fixed-charge rate 
for the plant investment under various 
powel! sales values 

The slope of the curve is greater fon 
the power-producing cases because the 


The 


additional investment is required for 


required investment is higher 


the electrical generating equipment 


and for a more expensive reactor cool- 
ing system. As shown on the graph, 
this additional cost is offset by the sale 
of power if the fixed-charge rate is not 


too high. If the sells 


January, 1953 - NUCLEONICS 


powel lo! 5 





d the fixed-charge rate is 
vear, the plutonium 
would cost the 


that 


producer 
Irom a reactor 
useful power 
om this illustration that, 
plant life and for low 
the cheapest plutonium is 
thout the by -product gen- 
kither in- 


gy the plant life or increasing the 


uselul power! 


of power would make such 


economically 


urpose reactor 


nterest to compare on these 
effect of various fir 


acing 


low fixed charges asso- 


clated with government financing tn- 


crease the desirability of a multipurpose 


reactol Such multipurpose — plants 


would probably be utilized as base- 


load plants in any network, since the 


primal incentive is the manufacture 
of plutonium, and a high load factor is 
therefore very desirable. 

It has been suggested that due to the 
technological uncertainties and lack of 
experience in the operation of these 
plants, the 


present have to be paralleled with a 


nuclear reactor might at 


standby hydrocarbon-fuel steam plant. 


For such a system to be economic, the 


cost of nuclear power must be no 


greater than the fuel and operating 
cost in the conventional system, and 


under such a mode of operation the 
incentive for multipurpose operation is 
ably 


An additional limitation is placed on 


consider reduced 

the multipurpose reactor by the maxi- 
mum block of power permitted in the 
involved. The larger the 
are its unit costs, but 


network 
reactor, the lower 
as it is a single heat source it must be 
limited in size. For example, if an 
electrical block of 200,000 kw capacity 
is the maximum that can be handled, 
the reactor cannot be larger than about 
600,000 kw of thermal power. 

The allocation of costs between plu- 
tonium and power in a multipurpose 
reactor is to a great extent arbitrary, 
a fixed price of power in a 
the 
arises from the opportunity to reduce 


ind with 


network major profit incentive 
the manufacturing cost of plutonium. 


This a 


ssumes, of course, that a demand 


itonium at a competitive price 


exists In addition, the by-product 
chemical industry involving the radio- 
ictive fission products also offers an 
economic opportunity associated with 


This 
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by-product 


reactol operation, 


industry cannot be economically evalu- 


ated at the present time. 


Nonmilitary Economy 


In a nonmilitarvy economy, power be- 


comes the principal objective and plu- 


tonium manufacture has an industrial 


market only as an atomic fuel For 


complete utilization of our resources 
the energ\ 


very-long-term require- 


would make it desirable to 
the 
on 


There is ample urantum-235 to 


ments 
plant. 
start 


operate breeder tvpe ol 


such breeder plants If one assumes 
that an investment of several grams of 
U25° is required per kilowatt of reactor 
thermal-power capacity, it would ap- 
that the [ 
estimated resources is 


the electrical 


peal avallable in ou 
suthecient to 
permit: initiating gener- 
ating capacity to handle the projected 
requirement 50 vears hence. 

In fact, the 


power breeders with a breeding ratio of 


existence ot atomuic- 


unity (just self-sustaining) would be 


sufficient to increase greatly the ura- 
nium resources available by raising the 
permissible price for natural uranium. 
Let us look 
plant would be willing to pay the miner 
Assume, 
0.3 mill 
permissible for the feed 
plant. As 1 
utilized natural 
produces 23,000) kw-hr of 
7.000 kw-hi 
tricity, it would be permissible to pay 
7,000 X 3 & 10°4 


This is $950 per pound and is several 


at the price the breede1 


for expanded ore supplies 
for example, that a cost of 


kw -hi 


material to a 


Was 
breeder 
gram of completely 
uranium 
of elec- 


heat, or roughly 


$2.10 per gram. 


magnitudes greater than present costs. 
Under 


able natural-uranium 


the avail- 
the 


United States would probably increase 


such circumstances 


resource ol 


in the same proportion as the permis- 
sible costs, and would thus outstrip coal 
as an energy reserve. A similar case 
would undoubtedly exist for thorium. 

The situation of the converter in the 
nonmilitary economy is not 
unlike that of the 


breeder, although it is not 


powel 
self-sustaining 
quite as 
desirable. The production of new fuel 
(Pu or U*4) in the fertile 
(U2 or Th) of a converter effectively 


material 


multiplies the energy available from 
Let us 


multiplication of 14, 


the U?5 consumed. for ¢xam- 
ple, “assume i 
Then the cost per kilowatt-hour of the 
fuel fed to the converter plant would be 
a factor of 10 greater than that in the 
breeder, as only !49 of the total supply 
the the 


is utilized. Sut if price of 


natural uranium or thorium ts_ less 


than S95 per pound (!)9 of the price 


assumed above), the contribution to 
the cost of powel still does not exceed 
the 0.3 mill kw-hr used in the breedet 
example Therefore, when the cost of 
thorium is as low 
the 


that 


natural uranium o1 


aus it undoubtedly is at) present 


converter would) produce power 


may be quite) competitive with that 


from the self-sustaining breeder. 
The economically avathable uranium 


and thorium resources are therefore 


expandable by large factors as an 


approach is made to goodk neutron 


economy in converters or breeders 
This dy hamic relationship between out 
fissionable-material resources and the 
nuclear performance of power reactors 
is similar to the existent relationship 
the 


carbon fuels and the thermal! eflicieney 


between availability of hwvdro 


of conventional plants 


The use of the converter to initiate 


the atomic power industry has many 


ndvantages 

1. The U2 not fully utilized by the 
converter is not wasted, since it may 
he stored and used as a fertile material 
date— thus na- 


for breeders at a later 


tional resources are not destroyed, 


2. Further, 
logically less difficult than the breeder, 


the converter is techno- 
since the problems of neutron economy 
are less demanding. For this reason, 
present reactor technology is generally 
adequate for atomic power plants 
Which can be built now 


3. Finally, by their 


permit alteration of 


very nature, 


converters their 


operating cycles so as to produce 
primarily weapons material, with power 
“us it by-product, from natural or low- 
That is 


he designed to satisly 


au COn- 
the 


requirements of both the military and 


enrichment uranium. 


verter may 
the nonmilitary economy without any 
the stockpile ol 


Although the value of such 


drain on wea pons 
material, 
flexibility is a national 
the 


national affairs would appear to make 


question of 


policy, present state ol inter- 


it desirable 


Cost Comparison 
It is of 


thorium breeding system with a breed- 


interest to consider a U** 


ing ratio of unity based upon present 
costs, A 


parison ol 


reasonably com 


the 
might be associated with the produc- 


optimisti 


typical costs whieh 
tion of power in such a central-station 


plant, and a conventional steam plant 
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the table on this 


These costs are 


is shown in page 


primarily intended to 
establish the magnitudes involved and 
should not be considered definitive 


In this 


have been made concerning the 


comparison issumptions 
present 


costs of the nuclear pl int, involving 


liquid-metal-cooled reactor and high 
efficiency power-conve 
A 20-yr life of 


plant, and typical private 


sion equipment 
all components of the 
financing 
rates, have been assumed, It has also 
been assumed that about 2 gm of I 

Vatt ol 


is invested per thermal kilo 


about 6 gm per electrical 
The 
mentioned in the 
The 


power! 


power, or 
kilowatt. 
per gram 


nominal cost of $20 
literature 
is used. indicates 
that the 
nuclear power plant might almost be 


that 


comparison 
from this type ot 
competitive with from conven 
tional plants. 
It would appear from the comparison 
the table that the 


investment required in a nuclear power 


shown in capital 
plant of this type is almost double that 
required in a conventional steam plant 
The 


significantly lower for the reactor pl int 


operating costs however are 


because a large fraction of the fuel costs 


are eliminated. Engineering dev elop- 


ment will eventually reduce some of 


these costs. It is not unreasonable to 
issume that improvements in the cost 
of liquid-metal equipment and reactor 
construction can be 
the 


includes the inventory associated with 


achieved In 


iddition reactor fuel inventor, 


the fabrication of fuel elements and 


their chemical processing. Develop- 


technology will 
this inventory 
it is not likel 


that significant reduction in operating 


ments in processing 


undoubtedly reduce 
considerably Howeve! 
costs of the nuclear plant will occur 
Although there does not appear to be 
a present need for breeders with breed- 
than 


market for 


ng ratios much greater unity 


the existence of a fission- 


able material as a fuel provides 


un 
high 


value of 


incentive to strive tor 
The market 


fuel produced by breeders would neces- 


economic 
breeding gains 
saril compete with that of fuels pro- 
duced by Isotope separation plants 

It is both stimulating and significant 
that 


realistic 


what we consider a 


of the 


based upon 


analysis future 


bilities of 


POssl- 
atomic energy, we can pro- 


duce electrical power at a cost almost 





Comparison of Conventional and Atomic Power Costs 


Conventional plant 


Capital Costs 
Reactor and auxiliary 
equipment 20 
Liquid-metal cooling cir 
euit 20 
Conventional boiler 
equipment 20 
electrical generating 
equipment 20 


Coal handling equipment 20 13.5 10 


Land and land improve 


ment 20 3.5 10 


Reactor fuel inventory f 
Total investment costs 
Operating Costs 
Fuel (coal at $7.18 per ton 
Reactor fuel processing | 
Reactor operation and maintenance 
Power plant operation and maintenance 
Total operating costs 
Total power costs 
* This includes 3% for 


for taxes and insurance 
ot fuel 


depres lation 


t Includes recovery 


00 00 
50 


based o 


ind waste dispo 


Reactor power plant 


Power 
cost 
malls 


kuw-hr 


Power 
cost 
malls 

kwe-hr 


tnnual fanual 


cost 


Capi ul 
invest- cost 
ment Ss 


S/ku 


50.00 6.75 


60.00 8.10 


100.00 3.5 51.00 


9000 


50 20 10.50 


120.00 
O06 381.50 


36 
24 
17 3.¢ 17 
35 by OF 
i] a0 
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o 


competitive with conventional present- 
In view of the 
the 


us time goes on 


day plants. inevitable 


increase in cost of conventional 


fuels there is a good 


likelihood that atomic power will play 


a major role in Increasing power re- 


sources and reducing their total cost 


Summary 


The present atomic power picture 
may roughly be summarized as follows 
1. The generation of electrical power 
through nuclear power plants is com- 
pletely feasible at the present time. 
2. The fissionable material resources 
of the United States 


may be as large 


is our coal reserves in energy content 
and could play a significant role in the 
power requirements Ol the country for 
several hundred years. In 


these 


the next 


addition economically recover- 


able resources may expand many times 


when the self-sustaining breeder con- 
tributes to our power production. 

3. On the assumption that the spe- 
cial value of military 
least 10 
the multipurpose plan of using 


the 


plutonium for 
purposes will continue for at 
years 
converters is most 


promising ap- 


proach to initiating an atomic 
industry It 


only to the 


powel 
contribute not 
the 
but also to its military strength 
the 
plutonium. 


would 
power resources ol 
countrys 
through production of low-cost 
In addition, such plants 
would always be standby sources fo 
the 


material if 


manufacture of atomic weapons 
the 


However, from the point of 


such is required in 
future 
long-range atomic 


view of a power 


industry, it would appear undesirable 
to depend upon the military require- 
ments [or plutonium for the economic 
justification of a nuclear power plant. 

4. As the 
tions on natural resources of uranium 
that a 


atomic powe! industry should be based 


indicated above, limita- 


would indicate nonmilitary 


at present upon converters, and then, 


when development permits, upon 
breeders with breeding ratios of unity 
Both types of plants could 


or nore, 


establish a permanent base for eco- 
nomic atomic power in the near future. 
To reduce the cost of power to a mini- 
the 


expansion of the atomic power indus- 


mum and eventually to assist in 


try, development of breeders with high 
breeding ratios should be undertaken. 
5. Finally, to get the 


long-term usage of our fissionable mate- 


maximum 


rial resources, breeders utilizing both 


uranium and thorium should be built. 
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EQUIPMENT 


EKGO SCALER, TYPE N526 


This is a new general-purpose scaling unit, comprising 
two high-speed electronic decades followed by a resettable 
electro-mechanical register and incorporating pulse height 

discrimination and paralysis facilities. 
The overall counting speed of the scaler is limited 


by the mechanical register to about 1000 per second but can 


be improved by the use of an external high-speed 


register. Alternatively, scalers can be connected in series 
when evenly spaced pulses are counted 
up to 600,000 per second. 


The new Ekco Scaler Type N526 is developed from the 
1009 unit which it replaces. 


NUCLEAR 


PHYSICS 





SPECIFICATION 


Sensitivity. The minimum pulse amp- 
litude is 5 volts positive. The minimum 
operating pulse width is 0.25 micro- 
seconds with a minimum interval of 
1.5 microseconds between pulses 


Discrimination. The discriminator 
permits only those pulses whose amp- 
litude exceeds the pre-set level to be 
counted. The level can be set at any 
voltage from 5 to 50 


Paralysis. The Scaler can be rendered 
inoperative for pre-determined 
periods between 5 microseconds 
and 10 milliseconds after receipt of 
an operating pulse. 


Stability. Mains variations up to 
10"., have no effect on the working 
of the equipment. 


Built-in Test Facilities. Internal 
signals are provided at both the mains 
frequency and at approximately 3 
cycles per second. These can be used 
for visually checking the timing 
sequence and also for providing a 
rough check on the functioning of the 


discriminator circuit 


External Power Supplies. Provision 
is made to supply power for operating 
an external quench unit or scintil- 
lation counter amplifier 


Mains Input. 100-120 volts and 200- 
250 volts, 40-100 c/s 


E KC 0 ELECTRONICS 


SCALING UNITS SCINTILLATION COUNTERS COUNTING RATEMETERS RADIATION MONITORS VIBRATING REED ELECTRO- 
METERS G.M. TUBES LEAD SHIELDING CASTLES - LINEAR AMPLIFIERS - COMPLETE COUNTING INSTALLATIONS « ACCESSORIES 


U.S. Sales & Service :— 
AMERICAN TRADAIR CORPORATION, CHRYSLER BUILDING, 405 LEXINGTON AVE., NEW YORK 17, N.Y. 


MANUFACTURERS: E. K. COLE LIMITED - ELECTRONICS SALES « 5 VIGO STREET, LONDON, W.1!., ENGLAND 
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Nomogram for the Critical Equation 


By F. T. MILES* and HAR 


In the Fermi age theory for thermal 
piles the criticality condition is ex- 
pressed byt 
(1) 


ket® —14+ L?A 0 


In this equation k is the multiplication 

* Brookhaven National Laboratory, Up 
ton, N. Y. 

+ Physics Department, College of 
City of New York, New York 

¢ H. Soodak, E. C, C 
tary Pile Theory,” p. 42 et seq 
& Sons, Inc., New York, 1950 


the 


ampbell, *‘ Elemen 
(John Wiley 


RY SOODAKT 


constant for an infinite pile, 7 is the age, 
and L is the diffusion length. 
quantities are functions of the mate- 


These 


rials used and are calculable, in prin- 


ciple, from nuclear constants and 
lattice geometry. 

A is the critical Laplacian or buck- 
ling, its the 


critical size of the pile. 


and value determines 
the 


solution for A is generally obtained by 


Since Eq. 1 is transcendental, 


successive approximations. This may 
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NOMOGRAM for the critical equation ke" | 


given k and L’/T intersects proper curve t¢ 
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+ L274 =0. Straight edge through 
© give resulting value of —TA 


be time consuming, particularly if a 
range of pile designs is being considered 
The the left 
gives solutions of Eq. 1 directly. A 
values of k 
and of L?/r 


intersects 


nomogram at below 


through the 
left-hand scale 
right-hand 


straight edge 
on the 
the 


approp! late scale 


on 
the 
of —TA 
To expand the 


scale 
at the 
which satisfies Eq. 1. 


value 
scales In a limited space, three scales 
different of k 
superimposed separately 
bered. E 
sponding seale for —7A. 
Example: Find the 
bare spherical pile from the following 
data as the materials: k = 
1.348, L 12 cm, 7 200 em?, 
Connect 1.348 on the kg seale 
(12)?/200 = 0.72 the L?/r 
with This intersects 
the at 0.1780. 


for ranges have been 


and num- 


ach is used with the corre- 


critical size of a 


fixed by 
and 
on seale, 
a straight edge. 
TAp scale Therefore 
0.1785 

200 


1074 em? 


The 


thent 


radius of the critical sphere is 


105.,em (2) 


Where k 


cannot be 


to 1 the 
read with high percentage 
but this range for 
L?/r > 2) the approximate solutions 


is close nomogram 


accuracy, in (and 


are sufficiently precise. 


Large-scale the 
available from NUCLEONICS on 
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prints of nomogram are 


request. 
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FIG. 2. Schematic diagram of electrical fixed level indicators and 


safety 


Solution Handling System for a Homogeneous Reactor 


By J. E. EVANS, L. D. P. KING, and J. W. SCHULTE 


Los Alamos Scientific Laboratory, Los Alamos, New Mexico 


For use with the Los Alamos Homo- 
geneous Reactor (Water Boiler), a safe 
and convenient system for handling the 
radioactive solution of the reactor was 
essential. Such asystem is needed for: 


1. Adding or 
when the reactor is being brought up to 


withdrawing solution 


critical for the first time. 

2. Withdrawing small samples for 
chemical analysis. 

3. Adding nitric acid to keep the 
uranyl nitrate from precipitating out 
of the solution. 

4. Adding or 


uranyl nitrate to increase or decrease 


withdrawing extra 
the reactivity of the reactor for special 
experiments, or for other reasons. 


5. Withdrawing the entire amount 


of solution for major reactor repairs or 


for reprocessing the solution. 

6 Returning the radioactive or new 
solution to the reactor. 

In the past, haywire systems have 
resulted in several spills of radioactive 
This 


stainless-steel system and techniques 


solution. article describes the 


now being used. After a vear of use, 


this system has resulted in no spills and 
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no cases of excessive radiation expo- 
sures to personnel. 


General Principles 
The general idea of the system is 
A small tube J 


from the bottom of the reactor sphere 


simple (see Fig. 1). 


leads up through the reactor shielding 


and connects into the bottom of a 
2-liter reservoir R located on the top of 
the reactor. The pressure in R can be 
reduced by means of a vacuum pump 
to draw solution into it from the sphere. 
A pipette can be inserted through gate 
valve B for 
samples (<2 ml). 


flow 


shielded container S. 


the withdrawal of small 
Larger samples are 
allowed to through FE into the 

The pressure in R can also be in- 
creased by opening the valve D to the 
air line to force the contents of R and 
connecting tube J into the sphere. By 
alternately applying suction or air pres- 
sure to R and J, we have a method for 
thoroughly mixing new additions to the 
solution or withdrawing representative 
samples. The entire system is shielded 
by about 4 to 6 in. of lead. 


A more detailed explanation of the 
system can be given by a discussion of 
the procedure used in 
small samples for chemical analysis 


withdrawing 


Before beginning any operation § in- 
volving the solution, the 
(Fig. 1) is turned on 

Push button / 
meter / 


indicator 
chassis and 


checked. 


see that 


is closed to 


indicator will read 


when solution comes in contact with 
probe 1. Meters 2 and 3 are 
checked. The electrical 


is shown in Fig. 2. 


also 
circuit used 

It is first necessary to get rid of any 
radioactive gas which has collected just 
below valve A. This gas is caused by 
fissions which occur in that portion of 
the tube J 


leading from the bottom of the sphere 


the solution which is in 


to valve A. The gas is flushed out by 
forcing air down through the tube and 
bubbling it through the solution in the 
To do this, first 
opened; this connects the 2-liter reser- 
voir R to the filtered air line through a 
reducing valve set to deliver a maxi- 


sphere. valve D is 


mum pressure of approximately 3 psi. 
Now, when valve A is opened, the con- 
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AN TYPE CONNECTORS 


tents of the stainless-steel tube below it 
are forced back into the sphere. The 
gaseous radioactive fission products 
which have collected in the tube below 
A are bubbled through the solution 

and into the gas circulating system. 
Next, valve D is closed and valve C 
BLUE RIBBON CONNECTORS Is opened to reduce the pressure 1n R 
enough to allow some of the sphere 
solution to flow into R. When the 
solution level in R reaches probe 1 the 
first 200-microampere meter will read 
about full scale. Valves A and C are 
then closed, holding about 10 ml of 

solution in R. 

RF TYPE CONNECTORS This sample is rejected because it is 
: probably not representative of the 
sphere solution. There may be drop- 
lets of solution or of rinse water on the 
surfaces of the system left from a pre- 
vious operation. These droplets would 
change the composition of the sample. 
Therefore, this first liquid sample is 
forced back into the sphere and a new 
sumple is drawn into R. Any droplets 





on the surfaces of the system when this 


he new sample is drawn up should have 

for Li RESEARCH nearly the same composition as the 

sphere solution. Repetition of this 

ad DE ELO PM f NT operation two or more times should 
aA V vive a representative sample. 

The gate valve B can then be opened, 

the pipette inserted into the stainless- 


steel cone G, and a small amount of 
solution drawn up into the pipette by 
CATALOG B-2 means of a hypodermic syringe.  Fig- 


ure 3 shows a cross section of the 





shielded pipette now being used. After 
the closing of valve / of the pipette, 
valve A is opened to allow the solution 
in R to flow back into the sphere and 
away from the tip of the pipette. This 
process can be accelerated by opening 
valve Da little. Next, a little suction 
is applied to the pipette and valve / is 


TEFLON CABLES 


opened to draw the solution out of the 
tip up into the region between valves 
1 and 2 of the pipette. After the 
closing of valves / and 2, the pipette is 
RG COAXIAL CABLES withdrawn and the glass tube is placed 
over the tip. Then it can be carried 
away to the chemical laboratory for 

analysis. 
The specially built rinser is now put 
in through the cone G, and 5 ml of H.O 
are sprayed over the walls of R. The 
rinser is shown in Fig. 4. The purpose 


nore ee : ‘ of this rinse is to keep the reservou 


clean; otherwise, nitric acid fumes form 
conducting films over the Teflon in- 
sulators at the probe inlets. Also, 
uranium deposits on the wall would 
make the next sample withdrawn non- 
representative of the sphere solution. 
After the wash water is bubbled 
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FIG. 3. 
pette 


Shielded pi- 


and mixed with the sphere 
solution all valves are closed, the dirt 
cover I is replaced, and the electrical 


through 


indicator chassis and the vacuum pump 
are shut off. 

The 
designed to withstand pressures of at 
The entire sys- 
with the 
sphere solution was made from type- 
347 steel, and all 
parts pickled in 
HNO, after all machining and welding 
The assembled 


leak-tested 


probe insulators have been 
least 2 atmospheres. 
tem which comes in contact 
stainless stainless 
were concentrated 
had been completed. 


system was thoroughly 
before being placed in use. 

The combination vacuum and pres- 
sure gauge is a brass unit. It comes in 


contact with some dilute nitric acid 
fumes but it has worked satisfactorily 
over a l-year period. The electrical 
indicator and safety chassis have been 
designed so that 5 volts is the maximum 
that applied to the probes. 


All bare contacts and terminals have 


can be 


been coated with glyptal so that even 
110 
volts inside the chassis could not put 
The 


purpose of the low voltage is to mini- 


a dangling broken wire carrying 
110 volts on either of the probes. 
mize the chance of producing a spark 


inside &. 


tain an explosive gas mixture if valve 


R might conceivably con- 


A were left open through several hours 
of operation ’ 
The three probes in RF are set at levels 
f about 10 ml, 1 liter, and 1.2 liters. 
Probe 3 is part of a safety feature. If 
1.2 liters of solution are accidentally 
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FIG. 5. Shielded container and arrangement for removing 
1-liter lots of solution 


brought up into R, the contacts of the 
Weston This 
puts 5 volts d-c on the relay coil, which 


Sensitrol are closed. 
in turn puts 110 volts a-c on the sole- 
noid valve FF. This connects R to the 
atmosphere and returns the solution in 
R to the sphere. 

The shielded pipette shown in Fig. 3 
has proved adequate for solution sam- 
ples up to 2 ml. The glass tube held 
over the pipette tip by means of the 
three rubber bands is for the purpose of 
catching any droplets of solution which 
might fall from the pipette tip during 
transportation from one place to an- 
other. The space between the glass 
pipette tip and its surrounding stain- 
less-steel protective tube is sealed off 
at the tip by a wax seal Paraffin and 
beeswax are not very satisfactory since 
they absorb quite a bit of the radio- 
active solution. Picein has been found 
to be much better. 


Addition of Solution 

The addition of solution that is not 
radioactive is Gate 
valve B is opened and a funnel is put 
through B down into R. A stainless- 
steel funnel is more desirable than one 


quite simple. 


made from glass, since there is always 
a possibility that someone will attempt 
the valve B 
removing the funnel. 

A funnel must be used for this opera- 


to close gate without 


tion to prevent solution or wash-water 
droplets from staying on the cone and 
tube walls in the vicinity of B. 

After the solution has been poured 


into R, the funnel is removed and the 
gate valve B closed. Then A is opened 
and the liquid forced down into the 
sphere by a small pressure (3 psi) ad- 
mitted through D. If the solution 
being added is anything other than 
water, it should be washed from the 
walls of R with the rinser as described 
previously 


Withdrawal and Storage 

The withdrawal of large amounts of 
the 
additional problems. 
the 
me/em*® about 


radioactive solution poses some 
The gamma ac- 
about 20 


shutdown. 


solution is 
10 hr 
This figure is for operation at a power 
level of 25 kw. 

The solution is drawn up into R until 


tivity of 
atter 


it reaches probe Then valve A Is 
shut off. Next, valve F is opened, and 
the solution is drained into a stainless- 
steel can S which Is Ih & heavy lead 
curt, 

intended that for 
1 liter, 


transported 


It was originally 
solution removals in excess of 
the shield cart would be 
back and forth after 
been transferred to other containers in 

vault It is he- 
that the 


handling for large amounts of the solu- 


its contents had 
un shielded storage 
lieved, however, over-all 
tion will be simplified by having about 
15 shielded 


of I-liter capacity available 


contamers 
The solu- 


tion will be transferred from the can 


stainless-steel! 


in the large lead cart to one of these 
shielded containers. This will be ac- 


complished by means of the setup 


shown in Fig. 5. The large lead cart 
need not be removed from its place, 
and the portable container and the 
tubing which carries radioactive solu- 
tion can be adequately shielded by a 


temporary shield made of lead bricks 


Return of Radioactive Solution 


The the solution to the 
reactor is a somewhat simpler process 
than that of the 


A liter of solution in one of the shielded 


return ot 


removing solution, 
containers is placed beside the ‘‘re- 
movalsystem”’ on the top of the reactor 
shield. A tube is connected to the 
normally closed-off flare fitting AK. 
The free end of the tube is put into the 
shielded container so that it 
the bottom of the receptacle. By 
reducing the pressure in reservoir R, 


reaches 


the liter of solution is transferred into 
the reservoir and then lowered into the 
sphere. 


* * * 


We would like to acknowledge the assistance 
of JA 
of thia equipment 


Bridge in the design and construction 
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BOOKS 


Practical Radiography 
for Industry 


By H. R. CLAUSER (Reinhold Publishing Cor- 
poration, New York, 1952, x + 301 
$7.50). Reviewed by Apatr Morrison 
Arthur D. Little, Ine., Cambridge, Mass 


After extensive application during 
the war, followed by a period of much 
reduced activity, the use of industrial 
radiography is again expanding and 
many new technicians must be trained 
For such training, this book is timely 
and it is a suitable introduction to the 
physical principles and practical tech 
niques of industrial radiography 
a skillful job 
of assembling and arranging the in- 
The first half of the book 


is a clear exposition of the physical 


The author has done 
formation. 


properties of X-rays, the factors enter- 
ing into the radiographic exposure and 
affecting the quality of the radiograph 
and the sensitivity obtained in it, the 
characteristics of films and intensifying 
screens, and the problems of processing 
and The 
second half deals with specific applica 


viewing the radiographs 
tions of X-rays and gamma rays and 
includes chapters on the examination 
of castings and welds, radiography 
with gamma rays and with high-voltage 
X-rays, fluoroscopy, and other tech- 
A final chap- 


ter discusses protection and safety. 


niques and applications 


The text is well arranged and clearly 
written, illus 
trations. A number of 
radiographs, difficult to 
reproduce on paper, have been quite 
add 
greatly to the value of the discussion 


and there are many 
considerable 
notoriously 
successfully printed, and these 
of particular types of defects 
The treatment of the various topics 
is well balanced and reasonably com- 
plete. Much specific information, the 
kind needed by the novice, is included 
Because of changes in the last two 
years, the 
radiography is somewhat 
Although there is a 
cobalt-60 as a substitute for 
and mention of iridium-192 as a likely 
gamma-ray 
largely limited to radiography 
radium sources of less than one curie 
activity. The 
curie sources of cobalt-60 and iridium- 


chapter on yurmma-rTay 
out of date 
brief section on 
radium, 
source, the discussion is 
with 
availability of multi- 
192 has changed the economies and the 
scope of gamma-ray radiography. 
Cobalt-60 sources differ from radium 
in two respects: they are much less 
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pages, 


costly, and they are very much smaller 
in volume, for a given radiation inten- 
sity. Sources with activities of 10 to 
20 curies per gram, and higher, are now 
available; per unit volume, they have 
radiation outputs 50 to 100, or more, 
Thus, 


size 


times greater than has radium 


for sources of equal physical 
exposure times may be correspondingly 
Betause of the 
10 to 100 curies of activity 
The 


times possible with such sources make 


reduced. lower cost, 
sources of 
are practicable. short exposure 
Yuna Trays much more competitive 
with X-rays. Such 


new problems in 


sources present 


protection, satety 
handling and storage. 

Iridium-192, in wide use in Britain 
by 1950 and now available here, ex- 
tends the range of gamma-ray radiog 
raphy to sections much thinner than 
can be examined with radium or 
cobalt-60; in fact 2% sensitivity can 
be obtained in steel down to 0.1 inch 
of thickness. 


a given geometrical size are higher even 


Radiation intensities for 


than can be secured from cobalt-60 
Other isotopes, and fission products, 
with their special properties and advan- 
tages, are expected to extend still 
further the 


radiography. 


usefulness of gamma-ray 
Thus, this chapter will require con- 
siderable revision in a second edition 
The permissible exposure or dose 
now accepted by the AEC and radiol- 
ogists is 50 milliroentgens per day, 
superseding the figure of 100 mr/day 
used by the author. This will require 
some modifications in his chapter on 
protection and safety. 
the end of 


could 


References are given at 


most chapters; they well be 
supplemented by an appendix contain- 
ing a selected and annotated bibliog- 
raphy of books and articles to which 
the reader could turn for additional in- 
formation. Sucha bibliography might 
mention other books similar in purpose 
Handbook 
and the 
books by St. John and Isenburger, by 


Low, and by Zmeskal. 


to this, such as Crowther’s ‘ 
of Industrial Radiography” 


BOOKS RECEIVED 


Nuclear Stability Rules, by N. Feather, 
University New 
162 pages, $4. (7'o 


Cambridge Press, 
York, 1952, ix 4 


be reviewed.) 


Angewandte Radioaktivitat, by K. E. 
Zimen Berlin, 1952 
vill + 124 pages, DM _ 18.80. 


Spi ingel -Ver lag, 


This is the newest German-language 
text on the 


activity 


fundamentals of radio- 
and its application in medicine, 
chemistry, physics, and indus- 
try. A pull-out chart of the isotopes 
data 
from references dated through 1951 are 
Otto Hahn has written an 


introduction for the text. 


biology 


and other tabulations of useful 


Ini luded 


Thermionic Vacuum Tubes and Their 
Applications, 6th ed., by W. H. Aldous 
and Sir Edward Appleton, John Wiley 
& Sons, Inc., New York (Methuen & 
Co., Ltd., London 1952, vu + 160 
pages, $2 

A completely revised and rewritten 
edition of a monograph first appearing 
in 1932, directed to physics students 
who have not made a special study of 


radio-frequency phenomena, 


Theory of Electric Polarisation, by 
C. J. F. Béttcher, Elsevier Publishing 
Company, Houston, Texas, 1952, xiii 
+ 492 pages, $10. 

The author, a professor of phy sical 
chemistry at the University of Leyden, 
The Netherlands, has directed his text 
to the theoretician, researcher, and 
student. To both 


chemist and physicist, he restricts dis- 


advanced serve 


cussion to the ‘classical’? theory of 
dielectrics but manages to emphasize 
between and 


the connection theory 


experiment. Four appendixes deal 


with associated mathematics. 


Essentials of Microwaves, by 
Robert B. Muchmore, John Wiley & 
Sons, Inc., New York, 


» } a | ). 


1952, vi + 236 
pages, 

A well-illustrated 
and its 


survey of micro- 
wave apparatus functions is 
this text 


that presents the physical picture with 


offered in general-purpose 


a minimum of mathematics. It is 
directed to a 
applications in many fields being dis- 


broad audience, with 


cussed; examples: linear accelerators, 


spectrometers, magnetrons, radar, ete. 
Superconductivity, 2d ed., by D. 
Cambridge University 


York, 1952, 256 


Shoenberg, 

New 

pages SO. 
The 


standing of superconductivity since the 


Press xX + 


many advances in our under- 


first edition of this tract was written in 


1938 made it necessary to issue a 
complete revision of the text for this, 


The 


IACTroOsS( opie 


the second edition magnetic 


properties ol supercon- 


thermodynamic and = other 
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WRELLUMA ‘CO RES 


GENERAL 
CERAMICS 


—high frequency, soft magnetic 
materials featuring — 


©@ HIGH PERMEABILITY 
® LOW LOSS 

@ HIGH EFFICIENCY 
® LIGHT WEIGHT 


Ferramic cores effect important savings in 
the size and weight of coils and trans- 
formers at the same time increasing effi- 
ciency and overall performance. They 
eliminate laminations thereby reducing 
assembly time and cost in many types of 
components. The advantage of Ferramics 
are so numerous and outstanding that 
adoption of this material has been rapid 
and broad in scope for both the improve- 
ment of existing designs as well as the 
achievement of basically new techniques. 
Call or write for information on how 
Ferramics can improve your product. 


TABLE OF MAGNETIC PROPERTIES OF FERRAMICS 
T PROPERTIES UNIT A-106 B-90 C-159 D-216 E-212 G-254 H-419 H1-1102 1-141 5-472 


spay cher ° 20 95 Te a |) | a 
at 1 me/sec 

*Mox. Perm. - 100 183 3300 3800 3000 750 

*Sat. Flux Density Gauss 1500 1900 3800 3200 3400 2800 2000 2900 

*Residual Mag. Govss 1000 830 1500 700 1600 

*Coercive force Oersted 5.0 3.0 : 1.0 45 25 18 35 0 


Temp. Coef. of ¥,/°C AS / r 20 2S 13 4“ 0 0 


initial perm. 
Curie Point re 300 165 160 160 150 125 70 
Vol. Resistivity | ohm-cm. 1x107 3x107—— 4x05 5x08 = x10 = 2x 104 


Loss Factor: 
At 1 mes/sec .0005 d i .00005 00008 «© .00008 00030 = .0004 
At 5 mes/sec .0007 , i 002 00075 00155 001 


feral, 


GENERAL OFFICES AND PLANT; 


KEASBEY, NEW JERSEY 
Telephone: Perth Amboy 4-5100 








*Measurements mode on 


> 


Steative smowsater® 
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Now...» high efficiency 


1100 COUNTS OVER BACKGROUND . .* 


using a 4” crystal cap with a 1 micro- 
curie. source of I'3! at 15 centimeters. 


Large single Sodium Iodide 
Thallium activated crystal 
permanently mounted in 
lucite cap... optically 
coupled to an RCA 5819 
Photomultiplier tube. 


SC-1A 
NO ADDITIONAL CIRCUITRY NECESSARY... 


direct connection between 6 foot cable 
and your scaler or ratemeter ! 


complete unit only $ 1 759° 


Write for Bulletin SC-203 


Also available with 1” diameter 
crystal cap to provide 1800 counts 
over background 


Complete Unit $240.00 
Write for Bulletin SC-206 


MODEL $C-2A 
Utilizes 1" x 1" Nal (TI) 
crystal sealed directly to 
the new RCA 6199 Photo- 
multiplier Tube. 


«nuclear corp. » 


2563 Grays Ferry Avenue ® Philadelphia 46, Pa. 














e information? Use post card on last page. 


| thermal properties, structure of the 


intermediate state, depth of penetra- 
tion of a magnetic field into a super- 
conductor, and theoretical aspects are 
the major topics discussed. Many 


references to recent work are given. 


A ‘First Book’’ on Fire Safety in the 
Atomic Age, by Horatio Bond, Na- 
tional Fire’ Protection Association, 
Soston 10, Mass 1952, vit + 72 
pages, 33. 
The heat and secondary effect of the 
blast from atomie and hydrogen bombs 
have created new problems of safety, 
which are here set down for the fire pro- 
tection engineers in industry and on the 


me tront 


Thermal Diffusion in Gases, by K. E. 
Grew and T. L. [bbs, Cambridge Uni- 
versity Press, New York, 1952, xi 4 
143 pages, $4.50. 

Jased closely on the theory of Chap- 
man and Cowling, experimental meth- 
ods and results are discussed in con- 
nection with the application of thermal 
diffusion to the separation of gas mix- 
tures. Thermal diffusion in liquids 
and the diffusion thermoeffect are also 
considered. There are five appendices 


and four pages of references. 


Statistical Thermodynamics, 2d ed., by 
Erwin Schrédinger, Cambridge Uni- 
versity Press, New York, 1952, 95 
pages, $1.75. 

This is the text of lectures delivered 
by the author in 1944 at the Dublin 
Institute for Advanced Studies. Ex- 
cept for the addition of an appendix, 
this edition is the same as the first. 
The appendix serves to offer the general 
proof, according to Schrédinger, that 
the “thermodynamical functions de- 
pend on the quantum-mechanical level- 
scheme, not on the gratuitous allega- 
tion that’ the sharp energy values 
ascribed to every system are the only 


states allowed. 


ALSO OF NOTE 


Atomic Power and Private Enterprise, 
Joint Committee on Atomic Energy 
print, 82d Congress, 2d Session, Dec.., 
1952. Acomprehensive, 415-page com- 
pilation of material on atomic power 
problems, compiled by the staff of and 


| for the use of the Joint Committee on 


| 


Atomic Energy of Congress. All as- 
pects of the problem are covered in 
excerpts from testimony, speeches, 
articles, etc., by administrative and 
technical specialists in the field. GPO, 
Washington 25, D.C. 
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An_ International Bibliography on 
Atomic Energy, Vol. 2, Scientific 
Aspects, Supplement No. 1. This 
publication of 328 pages lists over 8,000 
references published in 1949 and 1950 


ind supplements Vol. 2, which listed | 


some 24.000 articles and books on the 
scientific aspects of atomic energy pub- 
lished throughout the world between 
1925 and 1949. Columbia University 


Press. New York 27, NV. Y.. $3.50. 


Lecture Notes on Pile Theory, by ©. A. | 


Rennie (AERE R/L 5). A 36-page 


paper-bound report dealing with the | 
basic nuclear design features of natural- | 


uranium, graphite-moderated thermal 
reactors, published by the Atomic 
Energy Research Establishment, Har- 
well, England. H.M. Stationery Office, 
423 Oxford St., London, W. 1. 


Uranium, Plutonium, and _ Industry. 
This illustrated, 47-page pamphlet 
sponsored by the ASME’s Nuclear 
Energy Applications Committee, is a 
rood, nontechnical summary of the 
atomic-energy program in the United 
States The American Society of Me- 
chanical Engineers, 29 West 39th St., 
Vew York 18, N. Y., $1.50. 


Atomic Energy Commission Document 
Price List No. 21 (issued October, 1952). 
A listing of all AEC research reports 
currently available for purchase. Copy 
of price list free on request from Office of 
Technical Services, Dept. of Commerce, 
Washington 25, D.C. 


Low Temperature Physics (National | 


Bureau of Standards Circular 519). 
Publication of 291 pages comprising 
proceedings of NBS Symposium on 
Low-Temperature Physics, March 
27-29, 1951. Superconductivity, calo- 


rimetry, thermometry, second sound, 


and met methods, and instrumenta- | 


tion for low-temperature work are 
umong the subjects discussed in the 61 
papers re¢ orded GPO, Washington 


5 D.C $1.75. 


Infrared Isotope Analysis, by J. © 
Kluyver It is suggested in this 
&6-page Dutch-English monograph that 


the difference in the infrared absorption 


spectra of isotopic molecules might | 
offer a method for measuring abun- | 
dance ratios of stable isotopes. An} 
instrument built for the purpose at the | 


University of Utrecht in The Nether- 
lands is described, together with 
experiments made with it to determine 
the C'-C! ratio in carbon dioxide. 
Drukkerij 1 h Kemink en Zoon N.V., 
Domplein 2, Utrecht, The Netherlands. 
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MEET 


JAN-I-225, 
16E4 (Ships) 
and MIL-I-6181 
Specifications for 
Radio Interference 
Suppression! 


1. Attenuation of 
higher from0.15 { 
_ Prebuilt, 


tion, 


100 DB and 
© 10,000 MC 
immediate installa. 
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enlarge. is 
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required, 
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. 


ACE ENGINEERING and MACHINE CO., Inc. 


3644 N. Lawrence St. Philadelphia 40, Po Telephone: REgent 9-1019 
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NUCLEONIC EVENTS 





Strike at Nickel-Tubing Plant Delays AEC 
Expansion; Forces Release of Classified Data 


A three-month strike against the sole producers of nickel-plated process 


piping is causing considerable delay in the construction of Atomic Energy 


Commission facilities 
N. Y., has had such a serious effect on 
atomic energy construction that, under 
instructions from President Truman, 
the Department of Justice has obtained 
an 80-day strike injunction under the 
Taft-Hartley Act. 

Because of the the 
strike, AEC was forced to disclose for 
the first time the end-use of the prod- 
ucts and materials turned out at the 
Dunkirk plant. 


The President acted on the basis of 


sertousness ot 


the report of a board of inquiry which 
asserted that: 

@Lack of the special process piping 
from the Dunkirk plant delayed con- 
struction of the C-33 and C-35 gaseous- 
diffusion plants at Paducah, Ky., and 
the K-33 plant at Oak 
It would take seven months to produce 


tidge, Tenn. 


the internally-plated piping if manufac- 
ture were started now in an alternate 
plant. 

® The strike also halted fabrication of 
tube 


the 


heat exchangers and bundles 


needed to construct Savannah 


River heavy-water plant. Even if pro- 
duction is resumed immediately, AEC 
estimates completion of one-third of the 
Savannah River project would be “‘ma- 
terially delayed.”’ 
control 


Heat exchangers are 
the 


the process streams between steps in 


used to temperature of 


the heavy-water production process. 
@The shortage of replacement parts 


The strike 


and office workers at the American Locomotive Co.’s plant at 


of 1,600 production, maintenance, 


Dunkirk, 


for heat exchangers and tube bundles 
has reduced output at the heavy-water 
plant at Dana, Ind. 

e The strike halted production of gas 
converter subassemblies. This has de- 
layed the assembly of converters at the 
Oak Ridge gaseous-diffusion plant and, 
if continued, will delay construction of 
the Paducah and Oak 
plants. It would take a year to start 


new tidge 
production of gas converters at some 
other place. 

®The Dunkirk 


evaporators, coolers, condensers, 


plant also produces 
and 
and devices used ex- 


other fittings 


clusively in construction of atomic 
energy installations. 

atomic 
energy program was delayed by the 
The board of inquiry 
convinced, that the 
strike affected “a substantial part of 


atomic weapon production,” and of the 


Exactly how much of the 
strike is secret. 


was however, 


production of industries making equip- 
ment and fissionable materials essential 
to the atomic energy program. 
According to AEC, “the total esti- 
mated cost for the facilities whose con- 
struction is faced with delay by the 
Dunkirk strike exceeds the total cost 
of all facilities, under the 
jurisdiction of the United States, 
presently capable of producing large 


existing 


quantities of fissionable material.” 


Joint Congressional Committee Holds Series of Meetings 
on Atomic Energy; Discuss Atomic Power at Length 


The questions of what kind of atomic power plants should be built and 


who should develop them are among those which have been under dis- 


cussion in a series of confidential meetings that the Joint Congressional 
Committee on Atomic Energy has been having with electric utility and 


other industry groups, scientists, law- 
yers, and government officials. 

As the first public announcement of 
the meetings, the Joint Committee has 
put out a report called “Atomic Power 
and Private Enterprise.’ The 


74 


com- 





mittee did not identify specifically 
what companies took part in the meet- 
ings, but the report makes clear that 
these included representatives of the 
five industrial teams now engaged in 


feasibility studies (NU, June 
84), interested 
manufacturers, 


powel 
51, p. 42; Oct. 52, p. 
electrical equipment 
and makers of other products for the 
atomic energy program. Government 
representatives included spokesmen for 
the Atomic Energy Commission and 
the armed services. 

On the question of the type of atomic 
power plant that should be built, there 
were two main points of view. One 
group considered any plant capable of 
driving a generator as a_ successful 
The other group 
plant should 


cost 


atomic power plant. 
felt that a 


produce electric 


successful 
powel at ub 
competitive with conventionally-fueled 
power plants—nothing less than 150,- 
000 kilowatts at a cost of 5-8 mills per 
kilowatt-hour. 

Some individuals, including equip- 
ment and utility company officials, were 
of the opinion that AEC should do the 
developmental work on the plants. 
They contend that AEC should assume 
responsibility for carrying out the devel- 
opment through pilot plant, or proto- 
type plant, stages. 

This brought 
whether or not AEC should undertake 
development with its own personnel. 
If it doesn’t, it is said that the selection 


up the question of 


of contractors would raise the problem 


of giving unfair advantage to the 
contracting firms chosen to do the de- 
velopment work. 

Utility men were divided as to who 
should bear the developmental costs. 
One group was willing to shoulder costs 
up to $10-million to $15-million, but 
considered expenditure of $100-million 
as unreasonable. other groups 
felt that the job is beyond the ability 


They are try- 


Two 


of any single company. 
ing to develop new company groups 
which can take on the developmental 
job. 

The conferences clearly were another 
in a series of steps preparatory to full- 
dress hearings by the Joint Committee 
The first of these 
moves came last summer when AEC 
was advised that it was time to review 
the MeMahon Act of 1946 and its ad- 
AEC. The recent 
that the forth- 
coming hearings will center on atomic 


early this year. 


ministration by 
conferences indicate 
power possibilities and private indus- 
try’s role in that field. 
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Research Grants Totaling 
$728,250 Awarded 


The National 
1as announced approval of 52 grants 
totaling $728,250, 


Science Foundation 
| 
and two contracts, 
in the biological and physical sciences 
and to support studies and conferences 
on science and scientific education. 

This is the first group of awards to 
be made under the foundation’s budget 
for fiscal 1953. Additional proposals 

» being evaluated. 

Grants and contracts in this group 
were made to institutions in 21 states 
the District of The 
duration of the research grants range 


and Columbia. 
years, with an 
length of 1.9 years. The 
grant amounts to $6,300 per 


from 6 months to 3 
average 
average 
year. 
The 


astronom(| 


the list 
chemistry, developmental 
earth 


fields included in are 


biology sciences, engineering, 


genetic biology, mathematics, micro- 


biology, molecular biology, physics, 


regulatory biology, systematic biology, 
research education in science, scientific 
and studies in 


information, special 


science 


Committee of Senior 


Reviewers Reorganized 


The first thoroughgoing reorganiza- 
tion of the Atomic Energy Commis- 
sion’s committee of Senior Responsible 
teviewers has just about been com- 
pleted 


specific terms of service for the com- 


Involved in the changes are 


mittee members, reassignment of re- 
sponsibilities, and the setting up of a 
group of subcommittees. 

The committee, which advises AEC 
on classification and declassification of 
technical information, had its first shift 
of members last summer when two of 
the four original members resigned 

NU, Sept. ’52, p. 68). At that time, 
W. F. Libby, chemist, and R. L. Thorn- 
ton, physicist, were replaced by J. R. 
physicist, R. H. Crist, 
physical chemist, T. B. Drew, chemical 
and di r. 
W. C. Johnson, chemist, became chair- 
The other 
member is J. M. B. Kellogg, physicist. 

3efore the reorganization, the major 


Ri hardson 


enginee! Howe, chemist. 


man of the committee. 


responsibilities of the committee mem- 
bers were: plutonium project, Johnson; 
electromagnetic project, Thornton; mil- 
itary utilization, Kellogg; and gaseous- 
diffusion project, Libby. 
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GAMMA-RAY GENERATOR at Naval Medical Research Institute, Bethesda, Md., is 


designed to give reproducible uniform total body irradiation. 
total of 100 12-curie radiocobalt capsules. 


The 60 tubes contain a 
Tubes, which are of aluminum alloy, are 


17 ft long, and capsules can be arranged in them in a spherical pattern surrounding the 


target. 


Capsules are loaded by remote control into ends of tubes behind 5-ft radiation 


shield and are positioned in the tubes by air pressure 


This division of activities has been 
replaced with a more modern align- 
ment covering seven major categories. 
The new assignments are: chemistry 
and chemical engineering, Johnson and 
Drew; physics, Kellogg and Richardson ; 
state, Howe; 


and solid 


Drew 


metallurgy 
Howe; 
Crist; 
feed materials, Johnson; and weapons, 
Kellogg. 

These assignments, like the old ones, 


reactors, and isotope 


separation processes, raw and 


do not limit the areas of activities of 
any of the members. All members will 
continue to share in decisions on majo! 
recommendations in all areas. 

A group of subcommittees is being 
set up along the same lines as the divi- 
sion of responsibility of the committee 
The first of these subcom- 
that for 
have 


members. 

be organized Is 
and members 
already been appointed. They are: 
Paul Gast, Hanford Operations Office; 
John A. Swartout, Oak Ridge National 


mittees to 


reactors, four 


Laboratory; Samuel Untermeyer, Ar- 
gonne National 
Thomas Snyder, Knolls Atomic Power 


Laboratory; and 
Laboratory. 

According to classification officers of 
AEC, additional members of the com- 
mittee of Senior Responsible Reviewers, 
subcommittees 


as well as additional 


will speed the work of the panel. 


Jerome D. Luntz Named 
Editor of ‘*“NUCLEONICS"’ 


Jerome D 
editor of NuCLEONICs, succeeded Keith 


Luntz, formerly executive 


Henney as editor on January 1. Mr 
Henney is editorial director of 
both Nuc Leonics and Electronics 

Mr. Luntz joined the staff of Nucie- 
July, 1947, as 
editor, was named managing editor in 


now 


ONICS in assistant 
January, 1950, and has been executive 
that 
holds an engineering degree from the 
City College of New York, and worked 


75 


editor since June of year. He 





for Ford, Bacon & Davis at Oak Ridge 
during World War II. The last 
years of the war he was engaged in 


two 


instrument research and development 
for the Cleveland research laboratory 
of the National Advisory 
Immediately prior to 


Committee 
for Aeronautics. 
joining NucLeEonics, he taught elec- 
trical engineering at the University of 
Minnesota. 


Uranium Rods Burst in 
Chalk River NRX Reactor 


A burst in some uranium rods in the 
NRX reactor at Chalk River, Canada, 
last forth the first 
public announcement that such bursts 
According to C. D. Howe, 
minister of trade and commerce, bursts 


month brought 


do occur. 


of rods have occurred before at Chalk 
River and also in other reactors. 

The released radioactive gases and 
dust from the burst rods were carried 
up the exhaust stack, but, owing to 
unusual atmospheric conditions and 
the severity of the discharge, they were 
Buildings near 
suffi- 
ciently to affect research instruments 


not widely dispersed. 
the reactor were contaminated 


The premises were evacuated by all 


except those needed to take care of the 
damage, although the radiation level 
was not dangerous. 

The reactor is now closed down in- 
definitely so that it can cool off and an 
examination be made. This has halted 
the production of isotopes in NRX. 
Other operations at Chalk River have 
been resumed. 

According to Howe, such bursts must 
be expected when there is still so much 
to learn about the behavior of materials 
under high irradiation. One of the 
problems on which work is being done 
is the metallurgical changes produced 
by neutron bombardment. 


Declassify Power Reactor 
Data Says Gordon Dean 

It is now time to give very serious 
the 
declassification 


consideration to possibility of 
the 


field of power reactors according to 


major actions in 
Atomic Energy Commission chairman 
Gordon Dean. This is 
Dean said in a speech at Brookhaven 
National last month, if 
economical reactor power plants are to 


necessary, 
Laboratory 


be built. 


Dean gave as his reason for this 
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development at nonprofit institutions, by 


point of view that “‘reactor technology 
has reached the stage of development 
where such extensive secrecy as we now 
have will almost certainly hamper 
progress, if it hasn’t begun to already.” 
The key to the problem of declassifica- 
tion, outside of purely nonmilitary 
fields, is, according to Dean, whether it 
will do more good than harm to place 
the information in the public domain. 
3efore now it did not seem that this 
the 


affirmative as far as the development 


question could be answered in 
of power producing reactors is con- 
cerned. Most of the technical prob- 
lems that needed solving were being 
worked on behind the security barrier. 
Although problems might have been 
solved quicker without secrecy, Dean 
the 
would have warranted declassification. 


does not believe improvement 


Now, however, Dean believes that 


the situation is changing. Technology 
has reached the stage, he feels, where 
some power reactors should be built, 
and they should be as economical as 
Dean, 
cutting of costs can best be done in a 
this 


requires a considerable lifting of the 


possible. According to this 
free competitive situation, and 


cloak of secrecy. 


Research Support Studied 
by Science Foundation 


Science 


National 
Foundation study of federal support 


According to a 


of research and development at non- 
total of $297- 
million was granted for fiscal 1951, and 


profit institutions, a 
a total of $341-million was granted for 
fiscal 1952. Breakdown of the support 
is given in the left in 
terms of field of work and agency sup- 


two charts at 


porting the work. 

Funds administered by the Depart- 
ment of Defense made up over 50% of 
the total in each year, compared with 
the Atomic Energy 
6% for the Federal 


Security Agency, and 5% for the De- 


about 35% for 
Commission, 
partment of Agriculture. Fourteen 
other agencies accounted for less than 
3% of the total. 

Obligations for basic research totaled 
$76-million in 1951, and $71-million in 
1952; for applied research, $144-million 
in 1951, and $173-million in 1952; for 
development, $54-million in 1951, and 
$77-million in 1952; and for increase in 
research and development plant, $23- 
million in 1951, and $20-million in 
1952. 


Agencies cooperating in the study in- 
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clude the Departments of Agriculture, 
Commerce, Defense, Interior, Labor, 
and State, the Atomic Energy Commis- 
sion, Federal Civil Defense Administra- 
tion, Federal Security Agency, Housing 
and Home Finance Agency, Library of 
Congress, National Advisory Commit- 


tee for Aeronautics, National Security | 


Resources Joard. Office of Defense 
Mobilization, Reconstruction Finance 
Corporation, Tennessee Valley Au- 


thorit ind Veterans Administration. 


Atomic Project Raises 
$6-million for Research 


Michigan Memorial-Phoenix 
conceived in 1948 as a memo- 
University of Michigan war 
as gone over the $6-million 
mark in its campaign for funds to 
support a program of research in 
peacetime applications of atomic en- 
ergy. All of this money is from private 
contributions. 
Research under the project got 
under way slowly in 1949 and 1950, 


and has continued to increase. Now, | 


with the virtual completion of the 
campaign for funds, plans have been 
announced for the construction of a 
$1-million Phoenix Memorial Labora- 
tory. A three-story 150  50-ft rein- 
forced concrete building will be erected 
on the university’s new North Campus 
development, a 267-acre site northeast 
of the main Ann Arbor campus. 

The building will house such radia- 
tion sources as a betatron or van de 
Graaff, X-ray machines, gamma- and 
beta-ray sources, and possibly a neu- 
tron source. The university’s cyclo- 
tron, and synchrotron, now installed 
on the main campus, may in the future 
be moved to the North Campus and 
be housed in a separate building. 

Laboratory space will be available 
for work on the effects of high-energy 
particles on biological and physical 


systems, on tracer and radiation | 


studies of solid state materials, on 
chemical procedures using large quan- 
tities of radioisotopes, and for new 


types of atomic energy research. 


Jasically, the work of the project is | 


divided into five general categories. 


The first is the field of radiation-| 


induced effects. The second is the 
field of tracers and tracer techniques. 

The third category is the field of 
nuclear power. Activity in this field 
at present is mainly educational. In 
cooperation with the project, the 
university’s engineering college and 


graduate school now offers an MS | 
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Far the First Time bn sywhere 
POWER SUPPLIES 


WITH 


REGULATION 


AND 


STABILITY 
MEASURED IN PM 


* PARTS PER MILLION 


@ Regulation within 20 PPM* for line 
voltages of 105 to 130V. 

@ Load regulation better than 40 PPM* 
from zero to 500 ma. 

@ Stability within 100 PPM* per day 
under average conditions. 

@ MORE STABLE THAN BATTERIES. 

@ Short warmup period of 20 minutes. 


MODEL 301A. — Voltage: 7.5 to 750 volts. 
Current: 0 to 500 ma. Ripple: less than 10 
millivolts. Auxiliary voltages of —350 and 
—700 vde. at 10 ma. —'/2% regulation, less 
than 4 millivolts ripple: and 6.3 volts center- 
tapped at 10 amperes. 

MODEL 300N. — Performance same as 301A 
but voltage range 750 to 3000 vde. at 0 to 

mo. No auxiliary outputs. 

MODEL 300E. — Performance same as 301A but 
voltage range —1000 to —1500 vde. at 0 to 100 
ma. Auxiliary output of 6.3 vac. at 1.5 amp, 

SPECIAL MODELS. — Special models are avail- 
able with output voltages from millivolts 
to-kilovolts either positively or negatively 
grounded and at currents from milliamperes 
to amperes, 


JOHN FLUKE ENGINEERING COMPANY 


1111 West Nickerson Street, Seattie 99, Washington 


WORLD'S FINEST IN-STOCK 


INDUSTRIAL ELECTRONICS 


PARTS CATALOG 


NEW 200-PAGE 
gq 1953 EDITION 
JUST PUBLISHED! 


SENT FREE 


Write on your com- 
pany letterhead. Ra 
dio Shack's catalog 
is COMPLETE from 
AMPEX to ZEPH- 
YR. Over 15,000 list- 
ings of components 
and equipment, plus 
details, pictures, 
lowest net prices. 
Separate indexing of 
products and manu- 
facturers, Full JAN 
data! The preferred 
buying and reference 
guide for P.A.’s, en- 
gineers, designers, 
schools, civil de- 
fense, government, 
service agencies. For 
your FREE copy, 
write TODAY to 
Department N 


RADIO SHACK 


el ete) 7 Bale). 
167 Washington St., Boston 8, Mass. 


Want more information? 


ALSO 
SERIES 400 PRECISION POWER SUPPLIES 

@ For nuclear work. 

® High stability — close regulation. 

@ Electronically regulated. 

® High voltage — low current. 

MODEL 400B. — Output: 1000 to 5000 vde. 
Current: 0 to 1 ma. Regulation against line 
voltage 105 to 130 v. is within .01%. Regu- 
lation against load is .01%. Short term sta- 
bility is 01% — long term stability is .1% 
Ripple less than 01%. 

MODEL 400C. — Same as 400B except output: 
500 to 1500 wdc. 

These models available with positive 
side grounded. 








. » » Decontaminating Agent for 
Radioactive Deposits 


Once anything has been made 
radioactive, there is no way to 
destroy this radioactivity. But, 
radioactive contamination which 
is usually a deposit of insoluble 
compounds (metallic oxides) can 
be solubilized (chelated) with 
Versene and washed away with 
large volumes of water. This re- 
sults in great dilution and re- 
moves the danger. For deposits 
on exposed surtaces the addition 
of a good detergent formulation 
is recommended. In living or- 
ganisms Versene has been used 
experimentally to detoxify heavy 
metals and to help remove radio- 
active deposits. Send for sample. 
Write Dept. I for Technical 
Bulletin No. 2. Chemical counsel 
available on request. 


*Trade Mark Registered \- 
& 
Chemistiyi mote 

4 
precise chemicals 


BERSWORTH CHEMICAL CO. 


FRAMINGHAM, MASSACHUSETTS 


students 
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The 


a proposal 


nuclear 


submitted 


degree in engineering. 
university has 
and application to the Atomic Energy 
Commission for establishment of an 


educational and research reactor on 
the campus. 

The last two categories are work in 
the social sciences. One of these is the 
general group ol legal problems that 
during development. of 


Me Mahon 


act The other is the group Of sot lal 


have arisen 


atomic energy under the 


problems from civil defense 


labor 


program, 


“arising 
relations in the atomic 
related 


needs 
energy and other 
public administration problems. 

To date, 54 individual projects have 
been organized, of which fourteen have 
been completed. 

The planned project life is about ten 
In that time it is expected that 

new and important results 


years. 

sufficient 
originating from project research will 
justify the investment of more private 
funds and the continuation of the 


project indefinitely 


Curriculum Expanded for 
Third ORSORT Session 


rhe curriculum for the third session 
the Oak 


Technology, 


Ridge School of Reactor 
which is currently under- 
way with a record enrollment of 81 
NU, Nov. ’52, p. 105), has 
been expanded over that for the first 


| two sessions, and the fa ulty has been 


ged, 
seven subjects are taught in the 
course which is designed to provide a 
source of the uniquely trained technical 
Atomic 


knergy Commission’s reactor de 


personnel required = for the 
velop- 
ment program. The subjects and in- 
structors are: 

Reactor 
David K 
The basi 


veloped in mathematical form in this 


Analysis and Mathematics, 
Holmes and Lewis Nelson 
theory of reactors is de- 


course 
Reactor 


Sigfred Peterson and R 


Chemistry and Technology, 
W. Stoughton. 
Chemistry and chemical technology of 
related to 


operation of reactors are covered in this 


the separation processes 
course, 

Reactor Engineering, Lloyd G. Alex- 
ander, A. P. Fraas, and Paul C. Zmola. 


| This course consists of a discussion of 


engineering principles of stress analysis, 
fluid dynamics, and heat transfer with 
these 


application of principles to 


| reactors. 


Reactor Materials, George E. Evans. 
This course covers the properties of 
many of the important materials used 
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in reactors together with the effects of 
radiation on these materials. 

Reactor Nuclear Physics, Elda E. 
Anderson and Robert A. Charpie. 
This course provides the necessary 
background in nuclear physics for the 
understanding of the nuclear processes 
occurring In reactors. 

Reactor Technology, Everitt P. Bliz- REGULATES AND CONTROLS VOLTAGE 
ard, W. H. Jordan, and A. M. Weinberg. 
This course covers reactor theory and ele 
existing reactors, isotopes and some Low 


separation methods, use of radio- | SORENSEN’S EXPANDED LINE OF B-SUPPLYS oT 
otopes in medicine, industry, “and | NOW INCLUDES THIS NEW MULTI-RANGE DUAL SUPPLY 


agriculture, and an over-all view of the 
activities of AEC. Also covered _ Many users of Sorensen Nobatrons and AC Regulators are unaware that the 
shielding, principles and instrumenta-| standard Sorensen line includes a wide range of “B-Nobatrons” — high voltage, 
tion of reactor controls, and the feasi- | Jow-current DC sources. 
bility reports on some of the existing Are you familiar with the number of units in the line? Two of them — models 
and proposed reactors. 360BB and 520BB — are low-cost units for those not requiring outputs adjustable 

Experimental Reactor Physics Labora- | down to zero, but which can be paralleled for higher current requirements. The 
tory, Herbert Pomerance and Paul | other models are highly flexible, all-purpose laboratory instruments. All of them 
HI. Stelson. This course consists of | provide voltage and current well in excess of the specifications given below (these 
about 25 experiments on fundamen- | “plus values” are shown graphically in 

the new Sorensen DC catalog). 

You owe it to yourself to get ac- 
quainted with these Sorensen B-NOBA- 
TRONS. You'll find they are reasonably 
priced — surprisingly so — yet in all 
| ways live up to the Sorensen reputation 
tion forms are available from ORSORT, | for sound engineering, quality construc- 
Box P, Oak Ridge, Tenn. | tion, dependable operation. Write for 

| information. 


IN BRIEF *Reg. U S. Pot. Off. by Sorensen & Co., Inc 


| 
MODEL 350-B SPECIFICATIONS 





tals of nuclear particles and reactor | 
measurements. 

The fourth ORSORT session will 
begin next September. The deadline 
for applications is March 1. Applica- 


@3,400-curie source. Ten cylindri- 
capsules containing a total of 2.5 INPUT 105-125 VAC, 50-60 —, 10. 


form the new gamma-ray | OUTPUT 1. 175-350 VDC @ 0-60 Ma simul- 
it Knolls Atomic Power | taneously from two independently 
stlee 


At, poe kel 

Schenectady. Thesouree, 2. 175-350 VDC @ 0-120 Ma from 
s kept at the bottom of a con- one outlet. 
3. 0-175 VDC @ 0-60 Ma from one 

be used to study the effects of | outlet. 

; 4.63 VAC @ 3.5 amps., C.T., un- 
radiation on materials for the proto- : regulated. 
type nuclear power plant for submarine | OUTPUT REGULATION | + 1.0% 
ilsion to be built at Knolls. RIPPLE 10 mv 
SIZE 13” x 7\2" x 8” 











it and covered by 9 ft of water, 





————d 





pro} 

















NUCLEAR NEWSMAKERS 


B NOBATRON SPECIFICATIONS 





Eger V. Murphree, member of the gen- 
= - committee of AEC. will MODEL NO 32588 36088 52088 56088 50088 100088 


era 
Output voltage 0-325 175-360 200-500 0-500 0-500 200-1000 
: ‘es Output current 0-125 Ma 0-120 Ma 0-200 Ma 0-200 Ma 0-300 Ma 0-500 Ma 
Institute medal Output voltage, bizs 0-150 0-150 0-150 
Gardner P. Wilson hias been appointed — = mg age ‘See rr on nto 
senior development engineer at Con- Low AC voltage 6.3 at lO amp. 63 at lO amp. 63at lO gmp. 63at 10 amp. 6.3 at 10 amp. 

(center tapped, 


solidated Engineering Corp., Pasa- unregulated) 
. | Regulation accuracy: +0.5% (*1% in 360BB ana 52088) 
dena. Other new additions to the staff | Input: 105-125 volts AC, 50-60 cycles, single phase 
. . | Models 325868, 56088, 50088 and 100086 are metered 
are Wilson S. Brubaker, senior research Units are normally self-contained. All can be provided with a front panel for rack mounting 


receive the 1953 Industrial Research 











physicist, and Paul Brock, engineering | 
mathematician. 
' 


John N. Butler has been appointed | For Complete Injo ion Write 


project engineer for the atomic energy | 

research program at the University of | SORENSEN . no caine we 
Nevada. He was with the Bureau of | SORENSEN & COMPANY, INC. 

Mines from 1945 to 1949. 375 Fairfield Avenue Stamford 3, Conn. 
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Peter Ronicanty REGULATED 
‘LABORATORY Hi-D’ Ret ter 


POWER SUPPLIES | LEAD GLASS WINDOWS fon tetiore 
| re IN CONCRETE WALLS On Need for Radiation Society 


Dear SiR: 

In a letter in the November ’52 
NUCLEONICcS, p. 121, Mr. Saul Harris 
urged the formation of a radiation pro- 
tection society. 

I would like to point out that radia- 


tion protection is simply a new empha- 








sized phase of the protection of indus- 


trial or occupational health. True, it 
BENCH 


MODEL 25 * TRADE has its own techniques for measuring 


WIDE ANGLE MARK 


éranes e INPUT: 105 to 125 VAC, 1d WES ing phases of protection are not new. 
. 50-60 cy are 3.0 Neither is radiation hazard a new 
e e OUTPUT #1: 200 to 325 : 2 occupational exposure. It has been 
od Volts DC at 100 ma Hi-D Lead Glass Windows in con- dealt with since application of the dis- 
regulated crete walls are dry, and hence are coveries of Beequerel, the Curies, and 

e OUTPUT #2: 6.3 Volts completely dependable. Where the Roentgen. 
AC CT at 3A unregu- viewing problem is mainly wide- Much would be lost if those con- 
lated angle vision, Hi-D Glass is fully com- cerned with protection of occupational 


te e RIPPLE OUTPUT: Less petttive in price with sinc bromide. health were to split into many specialty 
“ 
” 


| hazard, but the medical and engineer- 








than 10 millivolts rms Send for groups. They can be most effective 

i i M | GS-4 ; ‘ : 
wr: 17 LBs. For complete information write Soper Hoses if they remain a closely knit team of 
Y ‘ 


for Bulletin U-5 cooperating specialists. They all have 
= ‘ 5 j ry > PENBERTHY |the same aim and the same general 
INSTRUMENT CO., | methods, differing only in technical 


666 ADAMS ST + SEATTLE 6. WASH 

















| details—they measure exposure, reduce 











exposure to tolerable levels, examine 





| the man to verify success. 
The American Industrial Hygiene 
a Association is one forum where all the 
specialists can meet on a common 
e ground. Neither the physician, the 
engineer, the chemist, the nurse, nor 
A photo record is quicker, more accurate; | the physicist predominates. At least 
and it may prove to be priceless. fifty health physicists are members. 

THE ADVANCED single-lens reflex design of the 35-mm. More would be welcomed. 
PRAKTICA FX makes it easier for you to get expert We feel that it is appropriate for the 
photomicrographs, oscillographs, extreme Atomic Energy Commission to have its 
close-ups, copy work, etc., in color or black and white. Record »wn health-physics association because 
lab and field observations. Take instrument readings. Quality of the classified information it deals 

control. Make graphic photos available to production, sales and 

ad departments, train personnel, etc. An excellent camera for 
the home photographer, too. From $99.50 to $199.50 (Tax incl.) 
The Praktica Co., Inc., - an existing association of people whose 
48 W. 29 St., N. Y. 1 \i 39 tested ideas | aim is the same as theirs and who are 
iy Free for you! lalready using the tools they would 








with, but we see no need for those out- 





side AEC to form their own association 


when they can have adequate voice in 





y specialize in. 
PRA KTI & Henry F. Smyru, Jr. 
The Praktica Co., Inc. Dept. D-13 Executive Secretary 


48 West 29th Street, N. Y. 1, N. Y. American Industrial Hygiene Association 
Pittsburgh, Pennsylvania 


Please send me a copy of “‘PHOTO- 
GRAPHY IN SCIENCE AND INDUSTRY.” 


, 
| DEAR SIR: 

Such an organization as Mr. Harris 

| proposes was organized in Cincinnati 

area in April, 1952—in response to such 

needs as outlined in his communication. 

The organization is known as the 

| Cincinnati Radiation Society. Its 








35-MM. SINGLE-LENS REFLEX CAMERA 
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membership is composed of individuals 

who are interested in the use of any 

form of radiation, with the exception 

ictly medical aspects. At present 

ire approximately 75 active mem- 

ning from a radius of about 50 

miles. The objects and purposes of 
this organization are as follows: 

1. To provide an organization for the 
discussion and dissemination of in- 
formation concerning the theories, safe 
application, and implications of radia- 
tion and radioisotopes. 

2. To encowage and assist those | 
persons interested in ionizing radiation. 

3. To improve standards relative to 
the use of ionizing radiation by exertion 
of our organized influence. 

4, To promote education rather than | 
legislative controls upon the use of 
radiation and ri dioisotopes. 


5. To seek to declassify and/or make Magnified Photograph of 
available information which might be | Bradleyunits 2-1-2 watts 
of interest or direct use to members. 

6. To provide a meeting place for | 
those dedicated to the advancement | 





of the peaceful applications of atomic 
and nuclear radiations. 


Meetings have been held at monthly 


intervals, and speakers have covered | 


such topies as biological effects of radi- | Y ae : T «, 
ation. use of radioisotopes in tool 
design, activation analysis, organiza- | 


tion of health-physies programs, and | “Tops” in Permanent Performance 


planning of animal experiments uti- | 


lizing radioactive isotopes. Seminars | ‘ because rated at 7OC 
. ° e ° a e 

are being planned for instruction in 

various fields of radiation ° be ee “ Bradleyunit resistors have permanent characteris- 

individuals who are entering this field. | d J; 
There has been a great deal of interest | tics, because they are rated to operate continuously 

shown in the Society, and the average at 70C ambient temperature . . . not 40C. They can 

attendance at the monthly meetings withstand extremes of temperature, pressure, and 

usually numbers about 50. On the | humidity without deterioration. 

basis of this local interest, we might | Bradleyunits are solid molded with high mechan- 


aie a. oo oe ianiteusl — : : ‘ 
assume that such an organization a ical strength. They need no wax impregnation to pass 


etre 7 Mr. wre ae national | salt water immersion tests. The leads are differen- 
evel would serve a valuabie purpose, | 


especially in encouraging young men 
entering this rapidly expanding, multi- | Bradleyunits are made in standard R.T. M. A. 


faceted field. values in 2 and 2 watt ratings from 10 ohms to 22 


tially tempered to prevent sharp bends. 


EuGene L. Saenser, M.D. | megohms; | watt from 2.7 ohms to 22 megohms. 
Director, Radioisotope Laboratory 
Cincinnati General Hospital 
Cincinnati, Ohio 


Let us send you a complete A-B resistor chart. 


Allen-Bradley Co., 106 W. Greenfield Ave. 
Milwaukee 4, Wis. 


CORRECTION | _¢é 


In intillation-Counter Safeguard 


for Co* Geman” by J. E. Dietrich 
and W. R. Kennedy (NU, Dee. 752, » A L L ie cB a A D L - Y 
74), the cable connections were num- | 
bered incorrectly. Terminals 2 and 3} 
of the photomultiplier probe should be| FIXED & ADJUSTABLE RAD RESISTORS 
interchanged. Sold exclusively to manufacturers SZ WS— 
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of radio and electronic equipment 








PRODUCTS ano MATERIALS 





Gamma-Ray Detector 

Welch Allyn, Inc., Skaneateles Falls, 
i ¥. 
detector, referred to as the 
G-M counter (NU, Oct. 752 
a sensitivity of 40,000-50,000 epm/pe 
for ]'*!, 
infinite life and is not harmed by over 
It can be connected directly 


The type GR gamma-radiation 
Texas” 


p 57), has 
The well-ty pe counter has an 


voltages. 
to standard recorders. P-] 





Scaler-Printer 

North American Philips Co., Inc., Re- 
search and Control Instruments Divi- 
sion, 750 S. Fulton Ave., Mount Ver- 
non, N. Y. 
records in 
999, 
provide scale-of-2 to scale-of-64 opera- 
tion. An interval timer allows count 
accumulation for a 
interval up to 55 sec, reproducible to 
within 0.13sec. With a negative input 
pulse of 1-volt amplitude, the maxi- 


This binary scaler-printer 


printed numerals up to 


Six binaries may be cascaded to 


predetermined 


mum counting rate is about 200,000 
The unit is available with 
64,000 


modified for 


pulses /sec. 
a eapacity of 2 channels of 
can be 


counts each; it 


channel analyzing with selection of 
cascading of up to 6 channels with a 
capacity of 10 counts each. (P-2) 


Labeled Chemicals 


Radioactive Products, Inc., 443 W. 
Congress, Detroit 26, Mich. 


labeled cholestenone-4-C"* is available 


Ring- 


with a specific activity of 10 we/mg. 
uc. Also 
available is progesterone-4-C'* with a 


P-3) 


Minimum quantity is 10 


sper ific of 10 pe/meg. 


Pulse Generator 


Radiation Counter Laboratories, Inc., 
5122 W. Grove St., Skokie, Ill. The 
mark 15 model 47 pulse generator has a 
pulse rise time of less than 1078 sec 
and fall time of 350 usec. Ranges are 
1, 3, 10, 30, and 100 mv pulse ampli- 
with 10-turn linear potentiom- 
Pulse 


a cell 


tude, 
eter control over these ranges. 
height 
in the instrument. 


is standardized against 
Repetition rate is 
(P-4) 


3,600 pulses /see. 





G-M Probe Counter 


H. W. Leighton Laboratories, 26 Her- 
man St., Glen Ridge, N. J. The G-M 
probe-counter needle is LO em long with 
a diameter of 2 mm; the sensitive vol- 
starts 
18 mm back from the tip. 
+t 10%. 

the 
(P-5) 


ume 5 mm from the tip and 
extends 
Starting voltage is 1,050 volts 
Plateau length is 75-100 
slope is’ << 10% per 100 volts. 


volts; 
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Photomultiplier Shield 


James Millen Mfg. Co., Inc., 150 
Exchange St., Malden, Mass. The 
SOSO2B magnetic shield is designed for 
shielding equipment that uses the RCA 
The mate- 
0.050 


5819 photomultiplier tube 


rial is hydrogen-annealed mu- 


Centering ring minimizes leak- 
P-6) 


metal. 


age between tube and “held 


Decontaminating Agent 


Enley Products, Inc., 254 Pearl St., 
New York, N. Y. 


agent 


This surface-decon- 
called CP Cleaner, 
dirts, and 


dissolve 


tuminating 
holds in 


greases It is 


Suspension lons 
claimed to 
instantly in soft, hard, and salt water. 
Almost neutral pH is said to allow its 


(P-7 ) 


use on the human body. 


Universal Balance 


Voland and Sons, Inc., Box 680, New 
Rochelle, N. Y. The model 860D 
universal balance may be used as a 
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high-speed projection balance or, by 


means of a sensitivity shift, as an 


analytical balance. As a_ projection 
readings to 0.1 mg for 200- 
are claimed to be obtained 
is an analytical balance, 


0.01 mg for 100-gram 


ights are obtained by 


( P-S) 








Scintillator Counter 

N. Wood Counter Laboratory, 5491 
Blackstone Ave., Chicago 15, Ill. The 
type SC-2L scintillation counter has a 
well-type Na(Tl) crystal into which 
may be The 
a 300-volt plateau with 
in counting rate. 
thick 
and below the 2-in. 


(P-9) 


sample vials inserted. 
counter has 
less than 3° 
The 


extends 2 


lead shield is 2 in. and 


Nn ibove 


Dual High-Voltage Supply 

Radiation Instrument Development 
Laboratory, 2337 W. 67th St., Chicago 
36, Ill. The model SO dual high-volt- 
supply, consisting of two indi- 


aye 
vidually regulated sources, is designed 


for applications such as coincidence 
counting. Available ranges are 500 
1,000 volts negative, 500-2,500 volts 
positive, and 600-5,000 volts positive. 
fegulation is 0.01% per 1% change in 
combination of 


(P-10) 


line voltage. Any 


these ranges can be ordered. 
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and 


Sy 


Regulated Power Supply 

Kepco, Laboratories, Inc., 131-38 San- 
ford Ave., Flushing 55, N. Y. The 
model 141 provides 
100-400 volts, d-c 
able at 


variation is 


power supply 
continuously vari- 
150 ma max. Output voltage 


( 


than 1¢% 


less ripple is 
less than 5 mv, and impedance is less 
Filament supply is 6.3 


(P-11) 


than 2 ohms 


volts, a-c, at 10 amperes 


Television System 

RCA Victor Division, Radio Corp. of 
America, Camden, N. J. The model 
ITV-5 closed-circuit television system 
and a 70-lb 


supply- 


consists of a 7-lb camera 


combination monitor powel 


control unit. The image is conveyed 


from camera to screen by a camera 


cable; equipment can also be operated 
with transmission 


microwave ove! 


since 


scanning 
standard 


distances 
the 

broadcast TV, home television sets can 
(P-12) 


extended 
frequency is same as 


be used as auxiliary viewers 


Portable Oscilloscope 


Hickok Electrical Instrument Co., 1058 
Dupont Ave., Cleveland 8, Ohio. 
Using a type 3RP-1 cathode-ray tube 
the model 380 
portable oscilloscope provides vertical 


d-c amplifiers, 
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amplification to 2.5 Me, and horizontal 
amplification to 100,000 cycles. The 
sweep-circuit oscillator has a range of 
3-50,000 cycles. Horizontal and ver- 
tical deflection sensitivity is 0.1 RMS 
volts/in.; horizontal di- 
22 and 28 
The in- 
(P-13) 


vertical and 
rect-input sensitivities are 
RMS volts/in., respectively. 


strument weighs 14 lb. 


High-Resolution Potentiometer 


G. M. Giannini and Co., Inc., East 
Orange, N. J. The Spiralpot  slide- 
wire potentiometer is available in 500- 
ohm ranges from 500 to 2.500 ohms, 
with unlimited (zero increment) resolu- 
tion. It 
angular shaft displacements up to 3,600 
degrees. It performs in the 
+71° C and dissipates up to 
+71°C, 

of torque is required 


has high resolution with 
range 
55° to 
2 watts at Less than 2 oz-in 
The Spiralpot 
is Claimed to last over a million revolu- 


tions at 200 rpm (P-14) 





Terminal Adapter 


Allen B. Du Mont Laboratories, Inc., 
Instrument Division, 1500 Main Ave., 
Clifton, N. J. 


adapter is designed for 


The type 2592 terminal 
instruments, 
such as cathode-ray oscillographs, hav- 
ing banana-jack-type terminals spaced 
Built the 
impedance-matching re- 


83 


34 in. on centers. into 


adapters are 











STAINLESS STEEL 
FITTINGS 


STOP DANGEROUS 


LEAKS 


.. With 
’ Patented 
/ Floating Seat 


—_ 


1 Double sealing, self-centering 
seat is Teflon reinforced to 
eliminate line losses. 

2 Heavy duty, fatigue-proof 
constructed for high pressure 
use. 

3 Easy to install. No special 
tools needed. 

4 Economical ... because parts 
are interchangeable and 
reusable. 

5 Complete line for tubes to 1” 
O. D., and for Schedule 5 § 
and 10 S pipe to %”, Other 
sizes to order. 


THE SPECIAL SCREW 


PRODUCTS CO. 
5445 Dunham Rd., Bedford, Ohio 


SEND FOR PROOF 


Descriptive literature and perform 
ance data available upon request 
Write today 














and 
UHE 


and 52 


Available are 5: 75 
with 


sistors 
93-ohm adapters for use 


and BNC 


and 75-ohm adapters for use 


coaxial connectors, 
W ith ty pe 


N coaxial connectors. P-15) 


D-C Power Supply 
Neutronic Associates, 

ve., Elmhurst 73, N. Y. 
33HRR. regulated, d-c 
vides 1-30 kv at 
0.1% at all voltages; output is reversi- 


83-56 Vietor 
The 
sup yply 


model 
pre )- 


5 ma. Regulation is 


RUGGED... 
DURABLE... 
ADAPTABLE... 


THE EIMAC 
100 - 1G 
IONIZATION 
GAUGE 


Eimac's 100-IG ion- 
ization gauge is a 
rugged, durable elec- 
tronic pressure gauge 
capable of measuring 
pressures from 10-3 
mm to less than 10°8 
mm of mercury. A 
pure tungsten fila- 
ment, gas free mo- 
lybdenum grid and 
plate structures and 
a long negligible 
leakage path are fea- 
tures of the 100-IG. 
Its adaptability to any 
preferred circuit, its 
stability, and ability 
to be thoroughly out-gassed make it the most 
precise and practical instrument of its type. 





© For further information 
write our application 
engineering department 


EITEL- McCULLOUGH, Inc. 
SAN BRUNO, CALIFORNIA 





ble in ranges of 0-5, 0-15, and 0-30) 
kv. Line-voltage stabilization is 0.1% | 
from 105 to 130 volts; ripple is said to be 


less than 0.05% of d-c output.  (P- 16) | 


Torque Balances 


Ohaus Scale Corp., 
Ave., Union, N. J. These 


available with 


1050 Commerce 
bal- 


capacities 


torque 
ances are 
from 1 mg to 20 gm, 
of 0.002 to 0.02 
weighing is increased by a 


with sensitivities 
Rapidity of 
special 


mg. 


Want more information? Use post card on last page 


PHOTO 
EQUIPMENT... 


G eared to 
7“ INDUSTRIAL 
& SCIENTIFIC Uses 


FREE onetaciemenr CATALOG 


72 pages crammed 
with THOUSANDS of 
newest Photo . Tools, 
Cameras, Lenses, Pro- 
jectors, Lighting 
Equipment, Develop- 
ing Equipment, £n- 
largers, etc. for the 
Amateur and Profes- 
sional, in every day 
SCIENTIFIC and IN- 
DUSTRIAL WORK. 


CAMERAS— ot all types! Special pur- 
pose, Photomicrography, Laboratory, NEW 
POLAROID LAND BACK, etc. 

N World’s largest stock from 
%" to 72". — All speeds, and types, 
special Mounts, Lenskoting, etc. 


LABORATORY EQUIPMENT — 
tainless Steel Equipment, Dryers, etc. 


Write TODAY to. . 





Burke «James, Inc. 


FINE PHOTOGRAPHIC EQUIPMENT SINCE 1897 
32) S$ Wabash Ave., Chicago 4, Illinois USA 
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damping device; stand permits specifie- 


gravity weighing. The balances have 


eye-level reading and are resistant to ¢ f 236-PAGE 


shock (P-17) 
ALLIED 1953 


ELECTRONIC SUPPLY 
7 We Vhelc 


World's Largest Stocks of Electronic 
Supplies for Industry and Broadcast Stations 


Simplify and speed your purchasing of electronic 

supplies and equipment— send a// your orders to ALLIED 

—the reliable one-supply-source for all your electronic 

} needs. Depend on AL.iep for the world's largest 

asa stocks of special-purpose electron tubes, test 

_ instruments, audio equipment, electronic parts 

(transformers, capacitors, controls, etc.) and 

accessories. complete lines of quality apparatus 

We specialize in Our expert Industrial supply service saves you time, 

newest ae effort and money. Send today for your FREE copy of the 

: ‘ ‘ paris 1953 ALLIED Catalog—the complete, up-to-date guide to 

Variable Delay Line Pathe the world’s largest stocks of indiseate rat for 

Advance Electronics Co., Box 394, Production Operation Industrial and Broadcast use 
Passaic, N.J. The type 507 miniature 


delay line is continuously variable from SEND FOR 
0 to OS usec. Rise time is 0.0012 ./¢ |B I eG 833 W. Jackson Bivd., 


psec, where ¢ is the delay in millimicro- CATALOG ALLIED RADIO CORP. Dept. 57-A-3 


seconds; characteristic impedance is | Chicago 7, Illinois 
390 ohms, nominal. Attenuation, in 
db per 100-mysee delay, is: zero below 
3 Me, 0.5 at S Me, and 1 at 15 Me. 

1 xX 4 in. (P-18) 
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Larger Sizes Now Available 
Hi-D* LEAD GLASS WINDOWS 
For use in steel, lead, and concrete walls. 

*Trademark 


PENBERTHY INSTRUMENT CO. 


666-8 Adams St. Seattle 8, Wao 














Now you can do We deo all types of 


a PLASTIC BINDING Electronic Subcontracting 
spor ~ ohana snap abide oteagaa MICHEL MANUFACTURING CO. 


a this modern low-cost way 
Add prestige color... utility... 


Stepping Switch attention-compelling appearance 


to reports, catalogs, all printed 


Consolidated Engineering Corp., 300 and duplicated material. Save USE 


money, too. Anyone can operate, 
N. Sierra Madre Villa, Pasadena 8, | FREE... PLASTIC BOUND 
Calif. The model 27000  self-inter- PORTFOLIO-PRESENTATION THIS 


\ +h i Get your personalized edition today 

rupted, bidirectional stepping switch Is ...@ unique and beautiful sample of 
7 - d lastic bind ked with SECTION 

wp poi ible to high-speed differential ' Scalable pare Be 7 merece 
It is ideas. Gives com- 
: plete application * to promote new products 
convertib to a stepping motor for story and cost ad- : 
vantages in organi- 
special servo and control applications. | aa Do ye to secure new buyers 

. orn ' 

External pulses of short duration can , wealth of important to reach new buying influences 
‘ . } inf tion abso- : ‘ . 
be applied to advance or reverse the | v iutely FREE. for information just write to 


i 


227 North Weoter Milwaukee, Wis. 














counters and servomechanisms. 


to get new sales outlets 


shaft and wipers one step for each GENERAL BINDING CORPORATION “ ies " 
er a ] Dept. NU 808 W. Belmont Ave. Where-Te-Bey,” NUCIECINES 
pulse Janks of up to 25 contact Chicago 14, Ill. 330 W. 42nd St., N. Y. 36, N. Y. 























positions can be furnished, or full 360- 
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What's new 
in radiation 
research? 


Perhaps you could tell us a thing or two! 
If so, you’re just the kind of man who can 
benefit most from our 38 years of research 
in radioactivity. We suggest you investi- 
gate these recent U. S. Radium develop- 
ments: 


Radiation Sources 


The United States Radium Corporation 
produces the following types of radiation 
sources: 
Alpha 
Beta 
Gamma 
Neutron 


Alpha-beta- 


gamma 
Beta-gamma 


Polonium 
Isotope 


Radium D 
Uranium Oxide 


Alpha, Beta, and Gamma Ray Sources 


For your research or experimental re- 
quirements, U. S. Radium Corporation 
can provide appropriate sources of alpha, 
beta, or gamma radiation — in foil, strip, 
or point form. Sources suitable for ioniz- 
ing air or other gases, for indirect activa- 
tion of phosphors, and for many other 
applications can be supplied. 


Standard Light Sources 


Radioactive luminous compounds requir- 
ing no external source of activation, ex- 
hibiting virtually negligible change in 
brightness with time, and emitting only 
easily absorbed radiations, have been de- 
veloped by U. S. Radium Corporation. 
The colors available cover most of the 
visible spectrum. 


Neutron Sources 

Calibrated or Uncalibrated 

Radium-Beryllium 
1 to 1000 millicuries 
Polonium-Beryllium 
1 to 5000 millicuries 

Radium D-Beryllium 

1 to 100 millicuries 


Let’s Work Together 


With these and related products, U. S. 
Radium Corporation is serving the exact 
needs of research, industry, and medicine. 
Our laboratories provide both standard 
and special materials—some of them 
available nowhere else. Our scientists 
will work with you to meet your require- 
ments in this field. 


FREE FOLDER: We've prepared o 
four-page folder thot describes 
the activities of the U. S. Radium 
Corporation. If you'd like a copy 
of ovr most recent issue — and 
future copies os they ore issved— 
just write for ‘'Radiations N-1” 


UNITED STATES 
RADIUM CORPORATION 


535 Pearl Street New York 7, N. Y. 


86 


degree rotation can be obtained over 


(P-19) 


536 contacts. 


Stainless-Steel Fittings 


Special Screw Products Co., 5445 
Dunham Rd., Bedford, Ohio. These 
stainle teel flared-tube fittings per- 
mit different sizes of tubing or tube- 
pipe combinations to be joined in a 
single fitting. These couplings, avail- 
able in any combination up to | in., 
eliminate the need for supplementary 
Connectors, 


reducing couplings. un- 


ions, tees, and elbows incorporate 
an automatically self-centering seat 
which provides a wedge-type seal, even 


Teflon 
(P-20) 


though assembled off center. 
rings double-seal the seat. 


INDUSTRY NOTES 


P Tracerlab, Inc., has elected William 
A. Kerr general manager. His head- 
quarters are at 2295 San Pablo Ave., 
Berkeley, Calif. 


PR Nuclear Research and Develop- 
ment, Inc., 6425 Etzel Ave., St. Louis 
14, Mo., has appointed Marshall R. 


Cleland as a senior research physicist. 


He will head several industrial research 
projects, 


RP Nuclear Instrument and Chemical 
Corp., 229 W. Erie St., Chicago, IIL, 
has elected Dr. Harry K. Thrig, John 
Cleaver, and James M. Phelan to the 
board of directors. 


P High Vacuum Equipment Corp., 349 
Lincoln St., Hingham, Mass., has been 
for 
|}and manufacture of high-vacuum 


organized development, design, 


equipment. 


| ® Wakefield Industries, Inc., 5108 W. 
| Grove St., Skokie, Ill., has announced 

the acquisition of Del-Mar Scientific 
| Glass Co. All Del-Mar personnel have 
| been transferred to Wakefield’s 
| plant in Skokie. 


new 


Beckman Instruments, Inc., South 
Pasadena, Calif., has appointed John 
F. Bishop assistant general manager of 
the instrument division. 


Want more information? Use post card on last page. 


ford Ave., Flushing 55, N. Y. 


LITERATURE AVAILABLE 


Servo components. 
struments, 


Brochure lists in- 
including amplifiers, ana- 
null detector, millivoltmeter, and 
motor control. Industrial Control Co., 


Wyandanch, L. I., N. Y. (L-1) 


lyzer 


Vacuum-tube electrometers. Bulletin 
describes electrometers and accessories. 
Keithley Instruments, 3868 
Ave., Cleveland 15, Ohio. 


Carnegre 
(L-2) 
Power supplies. Brochure gives line 
of low and high-voltage power supplies. 
Kepco Laboratories, Inc., 131-88 San- 
(L-3) 
Electronicequipment. Pamphlet gives 
data on laboratory electronic equip- 
Daven Co., Dept. LE, 191 Cen- 
Newark 4, N. J. (L-4) 


ment. 
tral Ave. 


Subminiature tubes. Booklet de- 
scribes 11 subminiature cathode-type 
tubes Ray- 
theon Mfg. Co., Technical Information 
Service, Special Tube Section, 55 Chapel 
St., Newton 58, Mass. (L-5) 


including 6 new tubes. 


Laboratory furniture. Catalog 25 de- 
scribes unitized steel furniture. Fisher 
Scientific Co., 711-723 Forbes St., 
Pittsburgh 19, Pa. (L-6) 


Radiation equipment. Catalog W-52 
describes X-ray accessories and radi- 
ation-protection items. Bar-Ray Prod- 
ucts, Inc., 209 25th St., Brooklyn 32, 
| ee (L-7) 
Cobalt-60 needles. Booklet no. 46 
describes Co® interstitial needles and 
Tracerlab, Inc., 130 High 
(L-8) 


accessories. 


St., Boston, Mass. 


Laboratory equipment. ‘‘What’s 
New for the Laboratory” lists 27 new 
items for laboratory research. Scien- 
tific Glass Apparatus Co., Inc., Bloom- 
field, N. J. (L-9) 


Industrial freezers and testing units. 
Folder gives data on freezers and com- 
plete-temperature-range testing units. 
Industrial Freezer Division, Webber 
Appliance Inc., 2740 Madison 
Ave., Indianapolis 3, Indiana. (L-10) 


ra. 


Reactor-control equipment. Price list 
no. 12 describes control equipment for 
nuclear Radiation Counter 
Laboratories, Inc., 5122 W. Grove St., 
Skokie, Ill. (L-11) 


reactors. 


Laboratory aids. Catalog no. 2 in- 
cludes laboratory lubricants, cements, 
paints. Varniton Co., 416 N. Varney 


St., Burbank, Calif. (L-12) 
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Every Top Management 
Man...In Every Industry 


SHOULD BE ABLE TO ANSWER THESE QUESTIONS ABOUT A 
MOST CRITICAL EMERGENCY IN OUR COUNTRY’S AFFAIRS 


Q. Why is iron and steel scrap a matter 
of importance to me? 


A. Steel for our country’s military pro- 
gram ind civilian economy 1s being pro- 
duced at the annual rate of 107,000,000 
tons in 1951... 119,500,000 tons ex- 
pected in 1952. Steel-making capacity 
is being increased now to meet those 


quotas 


What Do I Get 
For My Scrap? 


In addition to being paid for your scrap, 
you remove nuisance inventory from 
your plant—saving valuable floor space. 
Also, you have a better chance of get- 
ting new steel or steel products. But, 
most important—you help alleviate 
a dangerous condition threatening our 
country’s capacity to rearm and satisfy 
civilian requirements at the same time. 


Q. How does scrap figure in the produc- 


tion of steel? 


A. Steel is composed, generally speak- 
ing, 50% of pig iron, 25% of “produc- 
tion” scrap (that is, the scrap which is 
produced as a by-product of steel-mak- 


ing) and 25% of “purchased” scrap. 


Q. Is scrap getting scarce? 


A. Yes. The supply of purchased Scrap is 
not increasing fast enough to meet the 
needs of increasing steel production. 


Q. What if the needed scrap isn’t ob- 
tained? 


A. Open-hearth furnaces will not be 


able to operate at capacity. That will 
mean a loss of steel production... and 
fewer products made of steel. 


Q. Why not use pig iron instead of 
scrap? 


A. Every ton of scrap conserves ap- 
proximately 2 tons of iron ore, 1 ton 
of coal, nearly % ton of limestone and 
many other vital natural resources—to 
say nothing of the extra transportation 
facilities that would be otherwise re- 


quired. 
Q. How can more scrap be furnished? 


A. By everybody pitching in—as we 
always do in every emergency—and 
searching out all possible sources of 
scrap. 


Q, What are these sources? 


A. Metal-fabricating plants normally 


& 
oe ee, 
Ie 


Every pound of idle metal is need- 
ed to keep our steel mills operating 
at top capacity. Sell your idle metal 
to a local scrap dealer right away. 


turn over to scrap dealers the scrap 
left from machining. But there's not 
enough of this to fill our present enor- 
mous need. So everybody —both in and 
out of the metal-fabricating industries 
—must sell scrap in the form of idle 
metal. 


What Do | Do First? 


Write for free booklet. It tells how to 
set up a Scrap Salvage Program in 
your plant. Thousands of plants ore 
cooperating. Do your part now! Ad- 
dress Advertising Council, 25 West 
45th Street, New York 19, N. Y. 


Q. We don't produce scrap—how can 
we help? 

A. Scrap is any kind of iron and steel 
that’s gathering dust—obsolete ma- 
chines or structures, jigs and fixtures, 
pulleys and wheels, chains and track, 
valves and pipe—anything with rust on 
it or dust on it. Non-ferrous scrap is 
needed, too. 


Q. What do we do with it when we 
find it? 


A. Use your normal channels or get in 
touch with a recognized scrap dealer. 


SCRAPPY SAYS: 


This adcertisement is a contribution, in the national interest, by 


McGRAW-HILL PUBLISHING COMPANY, INC. 


NEW YORK 36, N. Y. 


330 WEST 42nd STREET 
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Most Complete Line of Sheets, Rods, Tape, 
Tubing, Bars, Cylinders, Fabricated Parts 


Profit from our broad experience and completely modern special- 
ized facilities for rapid, low-cost production of these fluorocarbon 
“wonder” plastics. 


The finest dielectrics, especially for high frequency, high tem- 
perature service. Won't carbonize under arcing. Won't DC plate. 
Zero water absorption by ASTM test. Unaffected by extreme 
humidity. Chemically inert, non-gassing, immune to corrosive 
atmospheres, fungus, oil, solvents. Non-flammable, tough, resili- 
ent, withstand and absorb mechanical shock and vibration. 


Whatever your requirements, whether for stock or for custom 
machined or molded parts, your inquiry will receive prompt 
attention. Write for Bulletins No. 300 and 500. 


*duPont's trademark for t Trademark 
its tetra fluoroethylene resin M, W. Kellogg Co. 


UNITED 
STATES PRODUCTS DIVISION 
GASKET | SAMoEn 1, NEW JERSEY 


Representatives in Principal 


COMPANY Cities Throughout the World 


“= 
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For Precise 
pulse height analysis 
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reaguerniage PULSE HEIGHT ANALYZER 


bution studies in 
When used wi 
her and any of 

will enable laborat 
distribution of nuclear 


1Stri 


volts 


MODEL 520 MUL 


f 
ot 


enables 
tribution 
distribut 


isoto 


ele 
ns. T 
life 
corrections 
Each of the 
total count and 
320 C.P.S 
microseconds 
15 microseconds 
The model 52 
distribution of 
nal ampliti 


LINEAR AMPLIFIE 


For use th pr 
counting 

an osci 

rate meter 
common 

30 d 


a 
amy 


pes 


(r 


O4O4046,.6-6,0,6.6 
| =| 


se Sorter 


ides 


Component 


to 


and pr 


apar 


ATOMIC’S Single and 
Multiple Channel 
Analyzers 








The 
‘window" is 
tween zero and 
Any input pulse 


channel] 
settable 

seven 
whe 


b 


width « 


r 
r 


volts 


s¢ 


maximum amplitude falls be 


limi 
t 


channel 
tted 


these 
transmi 


tween 
will be 
output 


TIPLE CHANNEL DIFFERENTIAL PULSE HEIGHT ANALYZER 


accurate data the 
random amplitude and 
taking of spectrum 
lived isotopes with 


amplitude 
random t 
data on | 


fewer de 


t to take on 

i having 
he Model 520 speeds the 
data on short 


hannels has a scale of sixteen and register, plus 
l count scalers; maximum counting rate per 
i). Resolving time both of two pulses 


Spaced) 
closer, are seleceed Channel resolution time 


surplus 


ge vy 
or 


be 
sizes, 
milar 


adapted to the gathering of data on 
distribution of radar receiver 
random distribution studies 


adily 
i cle 


anc ther 


RS: Models 204B and 204C 


ation chambers and in scintilla 
up 1 a level which can be 
woe by means of standard scalers 
4B and 204C have the following spex 
s hieved by coarse attenuator having 
designed to be driven by low impedance 
accepting either positive or 
and 1 millivolt. Two outputs 
5 volts at 150 ohms 
volts without apprec 
amplitude dis minator 
vel « discr 


ms counters, 1oni 
i pulses 
or cc 
ficat 
6db 


se 


ac 

alone negat 
Its 

imum 


100 


high 
amp 
oper 
nat 


to ma 
about 
ibrated pulse 
pu abov 
nd pulse 
three - pe 


udes fine 


x 
able 


cri 


ses e set ic ause rY 


s 
Se m 


ition “ri « 


gain contr 


ti 


re 
time 


constar 


by input t 


steps, and rise 


e response determined 


in seven settings 


steps 


seconds 


in hive 


observed 


unti 


ts, 
the 


dis 
ime 
ong 
cay 


the 


channel 


2.3 


the 


Sig 


tion 
on 
ng 

mn 
eps 








SCALERS, Manual or 
Automatic, Binary 
or Decade 
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INSTRUMENT 
COMPANY 


CAMBRIDGE 39, MASS 


Dp 


ATOMIC 


a4 MASSACHUSETTS AVE 


AND SERVICE REPRESENTATIVES 


Washington 


SALES 


RON MERRITT COMPANY Seattle 

RESEARCH EQUIPMENT & SERVICE Chicago, til 

KITTLESON COMPANY los Angeles 46, Calif 
Branch Office Albuquerque, New Mexico 

PROFESSIONAL EQUIPMENT CO New Hoven 

Branch Office New York NY 

A BROWN & ASSOC Alesandna, Virgima 
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Lineor Amplifiers, Scalers 

High Voltage Supplies, Scintillation Counters 

Meters, Coincidence ond Anticoincidence instrument: 
Differential Pulse Height Analyzers, Accessorie: 
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Orlando 
Canodo 


Branch Offices Atlanta, Go , Charlotte, N C 
CANADIAN MARCONI LTD Montreal, PQ 
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decade REDISCALER 
PORTABLE — LOW COST — VERSATILE 


for LABORATORY Counting and Standby 


The low cost of nuclear’s Model 180 Rediscaler makes 
it a logical choice for an “extra” unit, yet its construction 
to regular nuclear standards qualifies it for precise 
laboratory work. There is no “skimping” on quality 
and all essential scaler features are included. Model 

180 has 4-volt G-M input sensitivity—decade indica- 
tion—timer outlet—adjustable high voltage well 
stabilized—less than .05% change at 900 volts for 

line voltage change of 1% between 95 and 130 volts. 


for MEDICAL Diagnosis and Research 


Small size (only 10” x 942" x 1334" 


) of Model 180 makes 
it easily portable —thereby available for many 





uses by medical technicians and research workers. 
Usable with standard G-M sample counters, 

probes, and liquid sample counters for clinical 
applications such as tumor location, blood 
volume determination, and urine analysis. 


for INSTRUCTION ana Training 


Demonstrating radioactivity counting with Model 


180 Rediscaler keeps explanations clear and simple 
— gives instructors an excellent tool for 








basic education as well as a practical laboratory 
instrument. Whether just beginning, or 


expanding radiolaboratory facilities, the 
Model 180 is an excellent unit for new radio- 
technicians. You can depend on the 

Model 180 Rediscaler —it’s covered by 
nuclear’s exclusive one-year warranty. 





NEW nuclear 1953 Catalog! 


Make the 1953 nuclear catalog your 
all-need reference source for 
modern nuclear instruments, radio- 
chemicals, and accessories. 

“egg: eaagehicarennpen nuclear INSTRUMENT & CHEMICAL CORPORATION 
detectors all are completely 235 West Erie Street . Chicago 10, illinois 

desc ribed and illustrated ... Branch Offices: New York, N. Y.—Los Angeles, Calif.—Silver Spring, Md. 
Your copy sent promptly on Export Department: 13 East 40th St., New York 16, New York 
request—write for it today. Cable Address: Arlab, New York 


® Scaling Units for Every Type of Radiation Counting 
© Complete “Packaged” Counting Systems 





e Glass Wall, Mica Window, and Windowless Counters 

@ Portable Count Rate Meters 
© Health Monitoring Instruments for Personnel Protection ®@ Radioactive Chemicals 
© Complete Line of Accessories for the Nuclear Laboratory 


muclear “PRECISION INSTRUMENTATION FOR NUCLEAR MEASUREMENTS” 





